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I. Introduction. 

The problem of the decomposition of cellulosic materials has hitherto 
/ been attacked along two different lines. On the one hand there have 
been attempts to correlate the rate of decomposition with the chemical 
constituents of the materials. On the other hand, the discovery that 
micro-organisms are agents of such decomposition has led many in- 
vestigatois to direct their attention to the study of the behaviour of 
these organisms. 
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2 Bio-chemical Decomposition of Cellulosic Materials 

Wollny(44) found that amounts of nitrogen contained in organic 
materials controlled the rate of decomposition. Rahn(27) showed that 
the application of nitrate or ammoniacal nitrogen accelerated the de- 
composition of straw. This point was further developed by Hutchinson 
and Richards (16) when they first revealed the quantitative combination 
of nitrogen and carbohydrates. According to these workers, the chief 
necessity for the most rapid breakdown of straw is a supply of assimilable 
nitrogen compounds in suitable concentration under aerobic and neutral 
or slightly alkaline conditions. They further found that nitrogen thus 
applied in a soluble condition is temporarily immobilised, and that the 
amount of nitrogen that straw is thus capable of locking up is equal to 
that necessary for pronounced rotting. The amount of soluble nitrogen 
temporarily immobilised by 100 parts of dry straw or other cellulosic 
material is termed the ‘‘nitrogen factor.” Richards and Amoore(29) 
fotmd that even in spite of the addition of assimilable nitrogen, certain 
materials such as sawdust, rice-husk, old bracken or coconut-shell cannot 
be decomposed, while some others such as banana stem or hop-bines 
take a long time for decomposition. 

Dvorak (10) stated that materials rich in oxygen and poor in carbon 
decomposed more rapidly than those rich in carbon and poor in oxygen. 

Starkey (35) while acknowledging that the rapidity of decomi) 08 ition 
of some crude organic materials, such as rye and alfalfa, may be asso- 
ciated to some extent with their nitrogen content, does not consider 
nitrogen to be the limiting factor. Dextrose was decomposed most 
rapidly of all the materials studied, some rich in nitrogen ; and cellulose 
decomposed the most slowly. Thus, apparently, no broad generalisations 
have been found to apply to the relative ease of decomposition on the 
basis of carbon, nitrogen and oxygen contents. 

A detailed study on various constituents of straw was carried out 
by Hebert (13) who found that they decomposed in the following order: 
clilorophyllous matter, gums, tannins, glucose, dextrin, higher carbo- 
hydrates (cellulose and straw-gum) and finally vasculose. Van Such 
telen(39) states that in general the less abundant hexoses and pentosans 
decompose first followed by the polysaccharides, celluloses, pectins, 
starches and albumins. A strongly resistant carbonaceous residue is left, 
which however is decomposed very slowly. Dvorak (lO) finds that fresh 
plant materials are the most available largely because the lower carbo- 
hydrates are more abundant; in the older plants, ligno-celluloses pre- 
dominate. Richards and Hutchinson (28) in their patent, claim that all 
carbonaceous materials containing an adequate total quantity of carbo- 
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hydrates (30 per cent, and upwards) such as starch and pentosans and 
preferably not too high a proportion of ligno-cellulose are fermentable 
in the presence of assimilable nitrogen. 

The study of micro-organisms active in the decomposition of organic 
materials dates from the time of Mitscherlich (23) who is generally con- 
sidered to be the first to attribute the decomposition of organic materials 
to bacteria. Since that time bacteria have been given a great deal of 
prominence, and till the beginning of this century, they were considered 
the sole agents responsible for the disappearance of organic matter in 
the soil, 

A great deal of work has recently been done on ^ the activities of 
fungi in relation to soil fertility, and though their activities appear, 
perhaps, to be not so varied as those of the bacteria, fungi are important 
contributors to the ammonification, nitrogen transformation, cellulose 
decomposition and humification processes. A detailed survey of the 
literature pertaining to these problems has been given by Waksman(40). 

The problem of the decomposition of cellulosic materials is thus 
bound u}) not only with the investigation of the chemical constituents 
of the organic materials, but also with the behaviour of the micro- 
organisms towards these constituents. While the resistant nature of the 
compounds of nitrogen present in these materials has been definitely 
proved by many workers, information on the availability of the carbon- 
aceous compounds during this process is incomplete. The present in- 
vestigation is therefore directed to the study of the decomposition of 
carbonaceous compounds in presence of assimilable nitrogen, and also 
to the study of different micro-organisms most active in such decom- 
positions as regards their behaviour towards these constituents. 

TI. Outline of the scheme of work. 

The experimental work naturally falls into three parts: 

A. A quantitative study of different carbonaceous compounds 
during decomposiHon. 

The main carbon constituents of plants may be classified as (1) cellu- 
loses, (2) hemi-cellulosesS (3) starches, (4) sugars, (5) pentosans, 
(6) lignins. 

Two materials of different susceptibility to decomposition were 
selected for detailed study. One, rice-straw, is decomposed rapidly, 

^ No attempt is made to detennine hemi-oeliu loses, as, though not of oonstanl com- 
position they mostly consist of pentosans, and these are separately estimated. 
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4 Bio-chemical Decomposition of Cellulosic Materials 

while the other, poplar wood, is attacked with difficulty by micro- 
organisms and is a good example of a resistant material. 

In the case of rice-straw, the material was allowed to rot and 
periodical short time analyses were carried out for the above mentioned 
constituents as well as for ammoniacal and protein nitrogen. In the 
case of poplar wood different carbon compounds, for example sugars, 
starches and pentoses, were added and their effect on decomposition 
was observed. Various other materials were examined for their different 
carbon constituents, especially pentosans, cejluloses and lignin, in order 
to discover a possible correlation between these and the “decomposi- 
bility” of the materials. 

' Other experiments were carried out under the same conditions with 
pure constituents. For this purpose pure cellulose, in the form of filter 
paper, was moistened with purified preparations of hexoses and pentoses. 
The experiment was intended to indicate which of these constituents 
might assist the decomposition of raw materials. 

B. A study of the relative importance of bacteria and funyi 

in decomposition. 

Bacteria and fungi were isolated from a decomposed manure heap 
and were separately inoculated into the rice-straw. The results of their 
activities were quantitatively determined and the i)roducts of decoip- 
position were submitted to nitrification tests. 

C. A study of the life history and physiological behaviour of certain 
^ungi which were found (vide section B) to play the more im- 
portant part in the process. 

Three fungi very active in these processes were isolated and their 
morphology and physiology were studied especially in relation to plant 
constituents. 


III. Methods of analysis. 

The following methods of analysis were adopted throughout, the 
experimental work. 

Furfuroids, The standard method, Krober and Tollensd), for the 
determination of pentoses and pentosans was employed. The furfurol 
obtained by distillation was estimated as phloroglucide. All figures are 
expressed as pentosans. 

Dextrose as well as Invert Sugars were estimated in the alcoholic 
extracts by the iodimetric method (i). 
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Starch was at first determined by the hydrolysis method (i). Two gm. 
of the material, well washed to free it from reducing sugars, were heated 
on the water bath from two to five hours with 200 c.c« of water and 
20 c.c. of hydrochloric acid (sp. gr. 1*126). A portion of the filtrate was 
distilled with hydrochloric acid for pentosans, while in the other portion, 
the copper reducing power was determined by the iodimetric method. The 
copper reducing power of starch was obtained by subtracting the equi- 
valent of pentosans from the total, but compared with the Taka-diastase 
method ( 9 ) the figure thus obtained was higher — perhaps as a result of 
the hydrolysis of some other constituent. In the case of fermented 
materials both these methods gave quite untrustworthy results. 

W aJter-Holvble and alkali-solvble jKyrtionsiXi), Two gm. of the material 
vrere heated on the water bath for one hour with 100 c.c. of distilled 
w'ater, filtered, washed with hot water, dried and weighed. The loss in 
weight gives the figure for water soluble substances. The residue was 
treated on the water bath for half an hour with 1 per cent, alkali 
(treatment as in the chlorination method for cellulose estimation), 
filtered, washed with dilute acetic acid and then with hot water till 
free from acid, dried and weighed. The difference between this weight 
and that of the water-soluble portion represents alkali-soluble substances. 

Cellvlose was estimated by the chlorination method of Cross and 
Bevan(8). Two gm. of the roughly ground material were heated on the 
water bath for 20 minutes with 100 c.c. of 1 per cent. NaOH solution, 
the volume throughout being kept constant by the addition of water. 
Owing to the difficulty in filtration, especially with decomposed materials, 
the Gooch crucible in Sieber and Walter’s ( 33 ) apparatus was replaced 
by a small Buchner funnel. Three chlorinations of 15, 7 and 5 minutes 
were found suflScient for the purifiteation of cellulose. After each 
chlorination a little sulphurous acid was added to stop any further 
action of chlorine, the excess being removed by filtration and washing. 
The contents were then washed into a beaker with a jet of hot water, 
made up to known volume and heated on the water bath for 30 minutes 
with 3 per cent, sodium sidphite solution. After the third chlorination 
and treatment with sodium sulphite, it was filtered through a Gooch 
crucible and thoroughly washed. The contents were then flooded with 
2 per cent, permanganate solution for five minutes, filtered, washed, 
treated with sulphurous acid and finally washed until free from acid. 
The residue from undecomposed materials was white. In the fermented 
materials, the first chlorination turned it darker, the colour being re- 
duced with further chlorinations. But in the end it retained a greyish 
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colour which was constant in spite of either additional chlorinations or 
treatment with permanganate and sulphurous acid. Its freedom from 
lignin could be verified by treatment with 42 per cent, hydrochloric acid. 

It was found inadvisable to have the material finely ground for 
chlorinations. Besides causing difficulties in filtration, the particles, 
owing to their fine nature, came in very close contact with each other, 
thus making the free passage of chlorine very difficult. In such cases 
even three chlorinations were found insufficient for the removal of 
impurities. 

All the figures are calculated on the cellulose free from ash. 

Lignin. Attempts were made at first to get the figure for lignin by 
difference. After the alkali treatment in the chlorination method, the 
residue was dried in the steam oven and weighed. The difference between 
this weight and that obtained after chlorination was considered to re- 
present lignin. But as this was found to give very low figures it was 
replaced by Willstatter and Zechmeister’s method (4i). The figures are 
calculated on lignin free from ash. 

Total Nitrogen 0) was determined by the Kjeldahl method, while for 
ammoniacal nitrogen (i), the material was distilled with magnesium oxide. 

IV. Experimental. 

A. A quantitative study of different carbonaceous cowjnmnds 
during decomfositiou . 

Series I. Decomposition of rice-straw. 

A preliminary analysis of rice-straw gave the following results: 

Dry matter 100 gm. Invert sugar 0-6 grn. 

Organic matter 82*67 „ Pentosans 24*6 „ 

Cellulose 45*46 ,, Lignin 10*06 „ 

Starch 0*7 „ Total nitrogen 0*41 „ 

Dextrose 0*65 „ 

A number of preliminary experiments in decomposition were carried 
out to ascertain the best temperature, the best interval between two 
analyses and the most important constituents requiring special attention. 

A comparative study at two temperatures of 36® and 60® C. showed 
the former to be suitable for investigation, the decomposition being 
slow enough to enable the disappearance of various constituents to be 
traced. Further, it was also found that an interval of about four days 
between analyses was essential to give an idea of the relative importance 
of various compounds. 
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Durin^y the course of these experiments, it was found that the deter- 
mination of sugars did not give a fair index of their disappearance 
during the course of decomposition due to the formation of these sugars 
as intermediate compounds. To measure their importance, the alter- 
native method of elimination had therefore to be employed. It was 
thus found that the removal of sugars by cold water lixiviation, which 
extracted 93 per cent, of the total quantity, had no effect on the rate 
of decomposition. 

As regards starch, its presence in the straw in minute quantities, the 
difficulty of its estimation in the rotting materials due to the lack of 
any reliable method, as well as the impossibility of using the method of 
elimination which in this case necessitates autoclaving with consequent 
structural changes, force us at present to give up the idea of tracing its 
decomposition. The resistant nature of lignin shown by various workers 
as Mahood and Cable(20) and Johnsen and Hovey(i7) proves its non- 
importance as microbial food. Thus the only constituents which require 
careful consideration are pentosans and cellulose and in this series their 
decomposition is studied under the best conditions of temperature and 
period of analyses. The procedure was as follows. 

Twenty gm. of chaffed rice-straw, obtained from the Punjab, were 
accurately weighed, slightly moistened with water by a sprayer and 
allowed to remain in tliis condition for about 10 minutes. Ammonium 
carbonate solution, equivalent to about 1 gm. of nitrogen (it>) to 100 gm. 
of straw w^as added drop by drop from a burette and thoroughly mixed 
with the straw. After the addition of inoculum from old decomposed 
manure the straw was bottled and enough water was sprayed to cause 
thorough wetting. The bottles were incubated at 35"^ C. and analyses 
were carried out every four days. The portions for ammoniacal nitrogen, 
total nitrogen and dry weight were taken immediately. The rest of the 
material was thoroughly dried in the steam oven and kept for other 
determinations. 

The fungi were seen on or about the 7th day. They continued their 
vigorous growth till the 20th day when they began to sporulate. By the 
24th day sporulation was complete, and by the 28th day, no trace of 
fungus hyphae could be seen by the naked eye. Microscopic examination 
on the 36th day showed no hyphae, though spores were observed in 
plenty. No water-logging was observed except in one case. 

The results are given in Table I and also represented graphically. 

Discussion, It is quite evident from the results, that during the first 
fortnight there is a rapid loss of dry matter as well as assimilation of 



8 Bio-ehmical DecomposUion of CeUulom MeUeriah 


»r 



Table I. 

Decomposition office-straw at 35° C. 

Figures calculated on 100 gm. of original dry matter. 



At 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 


start 

days 

days 

days 

days 

days 

days 

days 

days* 

days 

days 

Dry matter 

100 

25-57 

21-2 

75-4 

62-8 

63-2 

608 

58-6 

52-2 

56-8 

56-0 

Organic matter 

8267 

78-37 

74-1 

57-8 

5065 

45-8 

43-08 

4005 

33-2 

37-0 

35-5 

Total nitrogen 

f0-41\ 

\M3/ 

1-3 

1-38 

1-37 

1-35 

1-35 

1-45 

1-36 

1-31 

1-36 

1-33 

Ammonia nitrogen 

M3t 

0-78 

044 

0066 

0037 

0024 

0014 

0012 

0052 

0021 

0023 

Nitrogen factor| 


0-12 

053 

088 

020 

022 

1-02 

023 

0*84 

091 

020 

Pentosans 

24-78 

24-65 

206 

14-33 

12-5 

1065 

2-08 

7-42 

Not de- 
tennined 

6-8 

5-32 

Fraction soluble in 
water 

14-1 

14-25 

12-8 

10-4 

15-1 

13-2 

13-2 

13-25 


12-3 

11-7 

Fraction soluble in 

ftUriili 

32*2 

26-85 

34-2 

27-3 

26-2 

23-6 

23-0 

2055 

» 

205 

203 

Residue 

53-7 

53-7 

43-5 

31-7 

27-8 

26-4 

24-6 

24-8 


24-0 

23-0 

Cellulose 

45-46 

45-88 

35-8 

24-05 

18-7 

16-75 

15-17 

14-8 


13-1 

11-1 

Fungus growth 


Nil 

Just 

appearing 

Vigor- 

ous 

Vigor- 

ous 

Vigor- 

ous 

Sporu- 

lating 

Spores 

Not 

visible 

Not 

visible 

Not 

visible 


• Wate^logged.■ H,S smeD. t Added as 

) This is the amount of avaflable nitrogen temporarily immobiliaed by 100 gm. of straw (16). 
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ammonia. The visual inspection of bottles showed the presence of fungus 
hyphae on the 6th or 7th day and this is immediately followed by the 
rapid loss of dry matter as the figure for the 12th day indicates. Table I 
and Graph I clearly indicate that so long as the fungi were vigorously 
growing, disappearance of dry matter and assimilation of ammonia 
were at their highest. More than 60 per cent, of the dry matter was 
lost and nearly 90 per cent, of the ammonia was assimilated during that 
period. 

Further, the loss of pentosans shows a striking correlation with the 
fungus growth. (The physiological studies of fungi show that cellulose 
is a poor nutrient food for them.) During the first four days, there is 
no loss of pentosans at all, but between the 4th and 8th day, when the 
fungus growth must have started, the loss of dry matter is represented 
almost wholly by that of pentosans (see Graph 1). It seems, from the 
results after the 12th day, that the fungi have a tendency to store these 
pentosans. Coprinus sp. separated from the decomposing straw gave 
7*82 per cent, pentosans on dry weight. During the period of vigorous 
destruction of straw this fungus alone is foimd to form an appreciable 
part of the whole material. In one case 151 gm. of the wet material gave 
17 gm. of this fungus or nearly 11 per cent. Thus pentosans seem to 
be a very suitable food for fungus growth. 

It must not be argued from this that pentosans are the chief food 
materials for fungi. Later work shows that they grow equally, and in 
some cases even better, on some sugars and starches, but as a rule, waste 
plant materials contain very little of these; indeed rice-straw is very 
deficient in both. It can therefore be safely concluded that fungi are 
playing an important part in this process. 

As regards losses of various constituents, more than 80 per cent, of 
the pentosans disappeared during the 40 days of the experiment. The 
loss of pentosans, especially during the early stages of decomposition, is 
striking, and suggests, as discussed above, the importance of these 
compounds for the activities of micro-organisms. Cellulose has also 
suffered a great loss. Apparently the loss in cellulose is even greater 
than in pentosans. But the study of Table II shows that real loss is 
less as the rapid loss of cellulose is followed by an increase in the alkali 
and water-soluble portions. It is, therefore, quite likely that cellulose 
passes through these stages of decomposition. 

Lisse(i9) in his study of rotting wood found the increase to occur in 
the alkali-soluble portion which according to him indicates the formation 
of hemi-cellulose. Bray and Staidal(3), in their study of the chemical 
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Table II. 


Showing the stages through which cdhdose 'pcwses 
during decomposition. 

C»l<*iiIat-eH on 100 gm. of original dry matter. 



Loss in 

Jwioss or gain 
in water and 
alkali-soluble 

Total loss 

Loss in organic 

Days 

cellulose 

portions 

or gain 

matter 

4 

0 

-4-5 

4-5 

- 4-9 

8 

-10 

+ 60 

- 40 

- 4*27 

12 

-11*9 

-4*0 

-15-9 

- 16H 


N.B. iSineo at later stages of decomposition the cellulose itself siiOcred loss dunng 
analysis, the figures for these values after the 12th day aie not given. 

changes involved during infection and decay of wood and wood-pulp, 
found an increase in cold and hot water-soluble portions as well as in 
alkali-soluble associated with a decrease in the amount of cellulose. 
Various authors who have devoted their attention to the decay of wood- 
j)ulp find that the highly complex celluloses, e,g, «-cellulose, pass into 
others of increasing simplicity as j8- or y-cellulose or hemi-celluloses, till 
at last all pass into COg, water and perhaps hydrogen and methane. 

Further, the gradual increase observable after the 16th day in the 
difference between the residue after alkali treatment and the cellulose 



figure obtained after chlorination proves that cellulose becomes less 
resistant to this chlorination treatment during decomposition. As this 
difference mostly represents lignin, the other constituents being almost 
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removed by alkali treatment, it should nevei show such an increase. 
On the other hand, accompanying the breakdown process, there should 
be a decrease as the humus formed from lignin (12) is easily removable 
by treatment with alkali. As indicated in the description of the method 
of chlorination, the material gets darker with the first chlorination, and 
though the colour is reduced with successive chlorinations, the residue 
is never white as in the case of original straw. It seems, therefore, that 
the cellulose itself becomes weaker and more easily susceptible to the 
attack of chlorine. Consequently the figure obtained represents less 
cellulose than is actually present in the material and it is very difficult 
to get an idea of the real loss of this constituent. None the less, it 
definitely shows that the greater portion of cellulose is not resistant at 
all and is even susceptible to the attack of micro-organisms during the 
first stages of decomposition. 

Series II. Decomposition of poplar wood. 

In this series attempts were made to decompose woody material. 
Poplar wood was chosen for experiments. These experiments confirmed 
the general experience that the woods are not easily attacked by micro- 
organisms even in the presence of available nitrogen. 

A preliminary analysis of poplar wood for important constituents’ 
gave the following results: 

Dry matter lOO’O gm. Pentosans 20*63 gm. 

Organic matter 98*32 Lignin 28*44 ,, 

Cellulose 66*3 „ Total nitrogen 0*31 „ 

As is evident from the above table, there is a certain overlapping 
in the figures for the different constituents, e,g. in the case of pentosans 
and cellulose. The same may be expected in the case of rice-straw. 

The experimental technique for the decomposition of this material 
was exactly the same as before. 20 gm. of the wood-shavings were 
used for each experiment and available nitrogen was added in the form 
of ammonium carbonate. As woods are rather deficient in ash, a definite 
quantity of mineral salt solution^ was added. A control set was incubated 
at the same time. To both, 1 gm. of calcium carbonate was added. 

The bottles with mineral salts showed the fungus growth on about 
the 6th day, while those without showed only a slight growth after a 

' CompoBition of mineral salt solution: 

NaNOa 2-6 gm. CaCl, 01 gm. 

KjHPOa 10 „ FeCl, 0 02 „ 

MgS 04 . 7 H ,0 0*3 „ DistiUed water 1000 c.o. 

NaOl 01 
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fortnight. In none of the bottlee was the action as vigorous as with 
rice-straw. The experiment was stopped after two months and the 
contents were analysed as in the previous series. 

Table III. 

Decompositioti of ■poplar wood at 35° C.,for two 'months. 

Figures calculated on 100 gm. of original dry matter. 



Wood 

Wood -f mineral salts 


gm. 

gm. 

l.<os8 of ui^amc matter 

U)*77 

:17U 

Ammonia nitrogen 

oil 

0 030 

Total nitrogen 

008 

0-90 

Nitrogen factor 

0-26 

0-62 

Loss of pentosans 

— 

46- 1 

Loss of cellulose 

— 

63-2 


Similar experiments, made with pine wood shavings, gave no evidence 
of decomposition even after two months: after this period the loss of 
dry matter was found to be about 3 per cent. No further analysis was 
therefore made. 

Discussion, These results clearly show that lack of minerals is one 
of the essential factors inhibiting decomposition. The addition of 
minerals alone has almost doubled the loss of dry matter and more 
than doubled the nitrogen factor. This again lends support to the 
theory that fungi play an important part in the decomposition. The 
controls showed very poor growth of fungus flora and the loss of dry 
matter as well as the nitrogen factor are quite insignificant. 

As regards loss in various constituents, that in cellulose should be 
accepted with qualification for the reasons already stated. But even 
after making allowances for these objections, cellulose has suffered a 
great loss, even greater than pentosans. The small loss in pentosans is 
rather surprising. According to the previous experiment with rice- 
straw, pentosans suffer the greatest loss during the early stages of the 
process; but with poplar wood, this does not appear to be the case, for 
even after two months’ fermentation only 50 per cent, of the pentosans 
has disappeared. Two possible explanations may be advanced. 

(1) The difficulty experienced by organisms in getting access to the food 
materials. It is a fact well established, that the cell-walls of wood and 
straw are lignified, the amount of lignification varying greatly in different 
groups of higher plants. For instance, woods are far more lignified than 
straws. The process of lignification, according to Sachs (81), consists in 
a series of progressive and intrinsic modifications of a cellulose or oxy- 
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cellulose tissue, the final products of metabolism (aromatic products, 
pentosans, etc.) being split off from the fundamental tissue substances 
and excreted. The distribution of these non-cellulosic constituents is at 
present a controversial point. Wislicenu8(43) has tried to explain it by 
the adsorption theory, while there is another school of thought which, 
both by the study of the reactive groupings of the constituents of the 
ligno-cellulo8e(2i) as well as the resistance offered by these non-cellulosic 
products to chemical treatments (32), considers these compounds to be 
chemically combined with cellulose. It suffices our purpose to know 
that the products of metabolism of the cell-wall remain intimately 
associated with the residues of the fundamental tissue. It is thus quite 
reasonable to conclude that micro-organisms have to attack this funda- 
mental tissue to get their nourishment. Thaysen and Bunker (36), who 
have made a microscopic study of the destruction of cellulose fibres and 
fabrics by micro-organisms, come to the conclusion that destruction is 
from outside inw^ards. A microscopic study of sections of wood, inocu- 
lated wdth soil suspension, show's that organisms pierce the tissue at the 
point at which they happen to be present, and their appearance in the 
cell-wall itself supports the assumption that they do not obtain their 
food from a distance by enzymic activity. 

Of the fundamental tissue, lignin is the most resistant, and therefore 
the rate of decomposition should be dependent upon the quantity of 
lignin present. The slow rate of decomposition of poplar wood and 
other woody materials may therefore be attributed to their high lignin 
content. Due to this resistant barrier, micro-organisms in woody tissues 
cannot easily obtain their food materials — pentosans. In the course of 
their activities, they attack the least resistant of the fundamental tissue 
components, viz. cellulose. This is probably the reason of the great loss 
of cellulose found during decomposition of poplar wood. But the slow 
activity of these organisms indicates that cellulose is not as good a food 
as some lower carbohydrates. The increased decomposition of plant 
tissues when in a state of fine division lends support to the theory. 

To the above theory, however, there is one objection which is of a 
practical nature. In actual decomposition it appears that the rate of 
breakdown is not solely dependent upon the lignin content. This can 
be seen in the case of pine and poplar woods. The lignin content of 
poplar and pine respectively is 28*44 and 26*65 per cent. But while 
poplar comes under the category of slow decomposing materials, pine is 
hardly attacked at all. Thus there appears to be an additional infaibitive 
factor in pine wood. Whether this may be the lack of some necessary 
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food material is discussed below. The possibility that the resinous com- 
pounds of pine may prevent the action of organisms has not been over- 
looked, but the works of Soderbaum and Barthel(34) and also of 
Migula(22) suggest that this may not be of importance. 

(2) Nature of furfurol-yielditig constituents. In all previous experi- 
ments, the term “pentosans*’ is considered to be identical with furfurol- 
yielding compounds. But analytical conversion into furfurol, while 
specially characteristic of the pentoses and pentosans, is also a property 
of certain higher compounds such as glycuronic acid and probably 
oxycelluloses. It is claimed (S) that these types of cellulose, which are 
much more widely distributed in the plant world than the cotton type, 
yield furfurol as a product of hydrolysis by hydrochloric acid. For 
example, 8*9 gm. of pentosans were obtained from the cellulose of 
100 gm. of rice-straw, i.e. 33 per cent, of the total j)entosans in this 
case is represented by some portion of the cellulose. 

Though this differentiation may not be important chemically, it is 
likely to have a great physiological significance. This can be best illus- 
trated by certain fermentation tests on the furfuroids. Cross, Bevan 
and Smith (7) in their researches on the carbohydrates of cereal straws 
have obtained the following interesting results. 

Barley straw from Rothamsted plots was digested with 2 per cent, 
sulphuric acid under pressure and yielded an extract containing 70-80 
per cent, of the total furfuroids in the straw. This was neutralised and 
fermented with yeast. 

Furfuraldehyde (before fermentation) ... . 38-0 

„ (after fermentation) ... 4-7 

Similar fermentation of the furfuroids obtained by hydrolysis of the 
straw cellulose with the same strength of acid at three and a half atmo- 
spheres pressure for 15 minutes gave the following results: 

Furfuraldehyde (before fermentation) 39*7 

,, (after fermentation) 26* 1 

Thus the hydrolysis product obtained in the two cases, though 
chemically similar, is not fermentable at the same rate. We have no 
definite idea as to the nature of the original material which has suffered 
this hjFdrolysis. So far, no method isolates it, in its original state, from 
cellulose. It is not, therefore, possible to get any direct evidence of its 
resistance to microbial attack. But we can come indirectly to certain 
conclusions by studying how these furfurol-yielding bodies behave during 
decomposition. 
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The figures in Table IV were obtained as a result of the experiment 
in Series I and JI. In the case of rice-straw in Series 1 estimation of 
pentosans in cellulose was done only on the 8ih and 12th day as those 
days showHHl the greatest loss in cellulose. 

Table IV. 


L(m of pentosans and cellulose at various stages of decomposition. 



]>ays 

Loss of 
collnloso 

jjOSR of pentos 
in cellulose 
o/ 

Rifi'-straw (Smca 1) 

K 

213 

90 

ty .... 

12 

4.5-0 

400 


40 

75 0 

730 

l^)plar wood (StTies 11) 

00 

03 2 

52 4 

Poplar wood rioc-Htraw JII) 

(>0 

73 2 

72-S 


Tabh». IV indicates that cellulose is even less resistant than the 
furfurol-yi elding bodies. Bray and Andrews (i) in their study of chemical 
changes of ground wood during decay also found that the loss in cellulose 
was greater than, the loss in total pentosans. After three years’ decom- 
position the figure for cellulose dropped down from GO to 6-05 per cent, 
while that for pentosans was reduced from 12 to 2*56 per cent. 

The chemical behaviour of these furfurol -yielding bodies also shows 
their resistibility. Heuscr and Haug(J4) found that treatment with 
boiling 0 ])er cent, caustic soda did not reduce the xylan content of 
straw below 9*7 per cent. According to Winter8tein(42) boiling with 
5 per cent, sulphuric acid for three hours did not remove all the xylan. 
Although Heuser and Boedeker(i5) have claimed to free the cellulose 
from pentosans by repeated extraction with hot G per cent, or cold 
17 per cent, caustic soda, this drastic treatment led to the destruction 
of a considerable part of cellulose. Thus all the evidence, direct as well 
as indirect, points to the conclusion that these furfurol-yielding bodies 
are more resistant than the true pentosans and perhaps some celluloses. 
As shown before, micro-organisms thrive well on available pentosans, 
and increase in resistant furfurol-yielding bodies, therefore, would not 
be conducive to rapid decomposition. This is actually found in the case 
of poplar w'ood. Though the wood shows a large amount of total ])ento- 
sans, about 50 per cent, of these belong to the category of resiitant 
bodies. It would seem probable that this is the reason why even after 
two months such a large anjoimt of pentosans is found in the decom- 
posing material. In the rice-straw, on the other hand, less than 34 per 
cent, of the furfuroids are in this resistant form, so that more than 
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66 per cent, may be regarded as easily available. It would be, therefore, 
reasonable to conclude that rice-straw would be more rapidly destroyed 
than poplar wood and actual tests support this view. 

Extending the above theory further, we can postulate that the food 
factor is the limiting factor in the decomposition of the material, or in 
other words susceptibility to destruction is proportional to the amount 
of available food in any material. But though this is true in many cases, 
it is not applicable to all cellulosic materials. Some of these, containing 
equal amounts of assimilable pentosans, show great divergence in their 
susceptibility to decomposition, e,g, rice-straw and maize-straw. Both 
contain equal amounts of pentosans, but while the former is easily 
destroyed the latter is decomposed less easily. Thus we see that the 
food factor, like the inhibitive factor, though important, is not the only 
condition controlling decompositions of this nature. 

It is quite clear from the above discussion that these two factors — 
inhibitive and food- are not independent. Both must be acting simul- 
taneously and the predominance of the one above the other would 
determine rapid breakdown or otherwise of the material. In other words, 
if pentosans are much in excess of lignin, the material will be easily 

Table V. 

Analysis of plant materials showing the relation of the ralio of 
pentosans and lignin to their dscomposibility'* 

Figures expressed on 100 gm. of dry matter. 

Total 

furfuroids (Cellulose Furfuroids Available Hatio of 



expressed 
as pento- 
sans* 

by chlor- 
ination 
method 

in cellu- 
lose as 
pentosans 

furfuroids 
as pento- 
sans* 

Lagnin 

available 

pentosans Decom- 
to lignin posability 

Rice-straw 

24-78 

45-88 

8-9 

16-88 

10-31 

1-64 

Rapid 

Oat-straw 

28-8 

51-7 

12-8 

16-0 

14-18 

1-13 

» 

Barley-straw 

28-4 

49-4 

11-2 

17-2 

16-16 

1-06 

** 

Wheat-straw 

31-28 

52-1 

16-16 

16-13 

14-57 

1-04 

«» 

Rushes 

27-93 

51-3 

12-7 

16-23 

17-71 

0-86' 

Slow 

Maize-straw 

25-83 

45-0 

10-6 

16-23 

20-34 

0-76 


White ash 

22-33 

63-4 

9-26 

12-07 

28-38 

0-43 

Very slow 

Poplar 

20-63 

66-3 

10-96 

9-68 

28*44 

0-34 

» 

Pine 

8-97 

67-41 

6-9 

3-07 

26-66 

0-12 

Nil 


* Although ** available*’ pentosans calculated as above are on the whole in the same 
order as total furfuroids, it is found that the actual order of ’^deoomposability ** runs more 
closely parallel with the ** available** pentosans than the total furfuroids. A ease in iK>int 
is that of barley-straw. In this case while the ratio in the table puts it in the category of 
** rapid** which is also confirmed by actual tests, the ratio of total furfuroids to lignin would 
include it among the slowly decomposed materials. 
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decomposed, the rate of its decomposition decreasing as the ratio of 
pentosans to lignin decreases. If this be true, it should be easy to 
discover an index of the “ decomposability of a material by ascertaining 
the relative amounts of available pentosans {i,e. furfurol-yielding bodies 
obtained by deducting furfuroids .of cellulose from total furfuroids) and 
lignin. In Table V some of the materials are tested to ascertain this 
ratio as well as their “decomposibility.” 

The results indicate that this test, while not giving exact figures, is 
quite satisfactory. It is possible to judge that any material having a 
ratio higher than 1*0 can be easily decomposed by micro-organisms; if 
the ratio falls between 1*0 and 0*5, the material is rather slow and so on. 
It is thus quite definite that both the factors — ^food and inhibitory — 
are inter-related, and that the presence of both, in certain definite ratios 
to each other, controls the rate of decomposition of plant materials. 


Series III. Effect of carbohydrates on the decomposition of wood. 

The previous experiments seem to prove that for a material to be 
easily decomposed the ratio of pentosan to lignin must be higher than 
1*0. In this series attempts were, therefore, made to increase this ratio 
in poplar wood by the addition of various carbohydrates. The experi- 
mental technique was the same as before. Twenty gm. of the wood 
shavings were used for each bottle and each received 10 c.c. of mineral 
salt solution and 1 gm. of calcium carbonate. Straw gum was isolated 
by Tollens and Wheeler’s ( 38 ) method. The arrangement of the series 
was as follows; 


(1) Dextrose 

(2) Starch 

(3) Xylose and arabinose in equal proportions 

(4) Straw gum ... 

(5) Rice-straw 


1 gm. per bottle. 


1 

1 

1 

5 


>> 

jj 


Table VI. 

Decomposition of poplar wood at 35° C. for two months. 
Figures oaloulatod on 100 gm. of original dry matter. 





Xylose 

arabinose 

Wood 

Bice- 

Minerals 


Dextrose 

Starch 

gum 

straw 

only 

Loss of organic matter 

35*34 

27- 19 

311 

33-3 

64-6 

37- 14 

Ammonia nitrogen 

008 

009 

0-08 

0096 

0007 

0036 

Total nitrogen 

0-83 

0-73 

0-79 

M2 

1004 

0*96 

Nitrogen factor 

0*45 

0-33 

0'41 

0-71 

0*69 

0*62 

Loss of pentosans 




_ 

72-6 

46*1 

Loss of cellulose 

Ann. BioL xiv 


— 



73-2 

03*2 

2 
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All the cultures showed the fungus growth, but there was no visible 
decomposition except in the case of the rice-straw, which also retained 
moisture more efiGlciently than the others. The experiment was stopped 
at the end of two months and the materials were analysed (Table VI). 

Discussion, The results are rather disappointing. The addition of 
food materials outside the tissue lowers the actual decomposition of the 
tissues. The loss of organic matter in all except rice-straw is less than 
that with minerals only. It seems therefore that the micro-organisms 
which obtained both their nitrogenous and carbonaceous food outside 
the tissues did not attack that lying within till this easily available 
supply was finished. 

This is shown by the great loss that took place with rice-straw. In 
this case it was essential for the organisms to attack the tissues, and 
though they might have first attacked the straw, they afterwards 
attacked straw and wood equally. In fact, the material after two 
months was found to be a mass in which straw and wood were closely 
intertwined together by fungus hyphae. Even after deducting the figure 
for the loss of organic matter in which straw may be taken as 55 per 
cent, within two months, the wood alone shows a loss of 53*25 per cent, 
in this experiment. Thus though carbohydrates form good microbial 
food, their addition to plant materials does not in any way help decom- 
position of the latter. 

Series IV. Importance of hemi-ccllulose in the decomposition. 

We have left one important group of plant constituents called hemi- 
celluloses out of account because their composition is a matter of great 
controversy. It is so far known that these substances closely resemble 
the true celluloses, but are easily resolved into simpler carbohydrates 
by the hydrolytic action of enzymes and of dilute acids and alkalis. 
The carbohydrates thus obtained are xylose, arabinose, mannose and 
galactose. In our studies on decomposition we have given careful atten- 
tion to the first two and as a result have come to the conclusion that 
they are important as microbial food. But our neglect of the other two 
would be a possible source of criticism against our theory, as they form 
in many plants an appreciable part of the hemi-celluloses. In fact, in 
the absence of any proof to the contrary it might be rightly claimed 
that hemi-celluloses and not pentosans alone may be the determining 
factor in the decomposition processes. This series is an attempt to test 
the validity of such criticism. 

The difficulties in tracing the decomposition of hemi-celluloses are 



R. D. Rbge 


19 


obvious. Not only are these compounds complex materials of uncertain 
defimtion, but they differ in composition greatly in different plants. 
Thus the study of their decomposition in any one material would not 
lead us any further. It was therefore thought best to study the be- 
haviour of their purified hydrolytic products. Thus xylose, arabinose, 
galactose and mannose were obtained in pure form and their effect on 
the decomposition of cellulose (filter-paper) was tested. The method of 
procedure was as in the last series. 15 gm. of chopped Whatman's 
filter-paper No. 1 were used for each bottle. These were moistened with 
lOc.c. of mineral salt solution. Nitrogen was added in the form of 
ammonium carbonate. Carbohydrates were added in two doses to 
prevent high concentration. The plan of the experiment was as follows: 


(1) Control (filter-paper) 

(^) 

(^) 

w 

i^) 


Mannose 0*75 gm. per bottle 
Galactose „ 

Xylose „ 

Arabinose ,, 


xVll the bottles received 1 gm. of calcium carbonate. They were 
inoculated with a suspension from decomposing manure and incubated 
at 35° C. All except the control bottle showed fungus growth after 
about the 12th day. The control showed slight fungus growth after a 
month, but the decomposition in this was more rapid than in the other 
bottles. It continued to be vigorous all the time and at the end of the 
period (six months) only a small quantity of tlie material remained in 
the bottle. The decomposition in other materials was very slow. The 
series was stopped after six months and analysed. Except in the case 
of arabinose, all, including the control, had retained the original colour 
of the filter-paper. Arabinose showed browning of the residual material. 
The results are given in Table VII. 


Table Vll. 


DecomposUimi of cellulose in presence of carbohydrates at 35° C., 
for six months. 


Figures calculated 
Control 

on 100 gm. 
Mannose 

of original dry matter. 
Galactose Xylose 

Arabinose 

Tx> 68 of organic matter 

82- 1 

1916 

22*2 

39'8 

48-8 

Ammonia nitrogen 

— 

0012 

0 043 

0011 

0012 

Total nitrogen 

0-67 

0-29 

0-31 

0-54 

0-58 

Nitrogen factor 

0-63 

0-24 

0-23 

0-49 

0-63 


2 
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Discussion, (1) Mannose and galactose do not seem to be good 
microbial foods for the cellulose decomposing organisms under these 
conditions. The loss in organic matter and the nitrogen factor in both 
cases are very low. The low nitrogen factor, especially, indicates that 
the micro-organisms have not shown much activity in growth. Thus 
these compounds do not appear important in such decomposition under 
these conditions and their omission from our consideration would seem 
to be justified. 

(2) This series supports the conclusion drawn from the previous one 
as regards the low rate of ‘^decomposability ” of the material when both 
carbon and nitrogen compounds are added. The micro-organisms do 
not attack the tissue in the presence of other more available food 
material. 

B. A study of the importance of different groups of micro-organisms 
concerned, in the process. 

In this section, attempts are made to investigate the relative im- 
portance of bacteria and fungi in the decomposition of plant materials. 
For this purpose sterilised straw was inoculated with pure cultures and 
the products of the activities of the several groups of micro-organisms 
were quantitatively estimated. 

Series V. Decomposition of rice- straw by soil flora. 

This series was devoted to the study of the combined activities of 
the soil population in the decomposition of rice-straw. It has been 
described in detail in Series I. 

Series VI. Decomposition of rice-straw by fungi. 

In this series, fungi in pure culture were inoculated into sterile straw 
and the products of their activities were analysed at periodic intervals 
as in previous series. 

Twenty gm. of rice-straw were autoclaved in bottles under 15 lbs. 
pressure for half an hour on four consecutive days. In spite of the 
danger of changes in the straw, such autoclaving was found essential 
for complete sterilisation, steaming being insufiftcient to kill all the 
bacteria. Ammonium carbonate solution, in slight excess to what was 
theoretically required (1 part of nitrogen to 100 parts of dry matter), 
was diluted in separate flasks with water, just sufficient to wet the 
straw thoroughly and sterilised at 15 lbs. pressiu’e for half an hour. It 
was found by a preliminary experiment that very little ammonia is 
volatilised in this way. These flasks were inoculated with the cultures 
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of three fungi (described in part C) grown on potato agar at 35° C. ; they 
were then shaken for a few minutes and the contents were poured sepa- 
rately into each bottle. The inoculum consisted of spores in the case of 
Aspergillus sp. and Acremonietla sp. and mycelium in the case of 
Coprinus sp. The bottles were incubated at 35° C. and analyses were 
carried out every four days. At the time of each analysis care was 
taken to test the material for bacterial infection, both microscopically 
and by plating on Thornton’s medium ( 37 ). 

Fungi were visible on about the 6th day and continued their vigorous 
growth till about the 20th day. In all the bottles Ooprinus predominated 
and the mycelium was so intimately intertwined with the material as 
to form one solid mass. In the case of the material decomposed by soil 
micro-flora, the fungus mycelium disappeared after about 32 days but 
in this case, even after the completion of its vigorous growth, the 
mycelium retained this state during the rest of the period. The whole 
experimental period in this case as in previous experiments was 40 days. 
Two cases only showed bacterial infection and these were therefore 
omitted from consideration. 

Series VII. Decomposition of rice-straw by bacteria. 

This series was devoted to the study of bacterial activities in the 
decomposition of organic materials. As it was not possible to obtain 
all the bacteria from one kind of medium, the following media were 
used for their isolation; (1) Thornton’s medium ( 37 ), (2) nutrient agar, 
(3) nitrate agar, (4) filter paper in mineral salt solution. As the micro- 
flora is shown to change ( 24 ) during different stages of decomposition of 
cellulosic materials, a mixture of fresh straw and decomposed manure was 
used as a source of these bacteria. The temperature of incubation was 35° C. 

The same straw used in previous experiments was utilised in this 
case; but owing to the lack of sufficient quantity of this straw, the 
period for analysis was lengthened to 8 days. The methods of sterilisa- 
tion and inoculation of this straw were the same as in Series VIII. 
Bacteria obtained on these media were used for inoculation without any 
attempt to identify them. In addition to the cellulose decomposing 
bacteria obtained on the filter paper medium, pure cultures of Spiro- 
chaeta eytophaga and Microspira agar-liquefaciens were also added. It 
was hoped that this mixture of bacteria would be a fair representation 
of all those active in the decomposition of organic materials. The de- 
composition in this case was very slow and the straw did not lose its 
tubular structure during the whole experimental period of 40 days. 
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In all these series attention was specially directed to the quantitative 
estimation of the loss of organic matter, pentosans and cellulose. Inci' 
dentally the nitrogen-factor was also determined. The results are repre- 
sented graphically. 

Series VIII. Nitrification tests. 

In this series, the products of the activities of these micro-organisms 
(Series VII, VIII and IX) were subjected to nitrification tests. A quan- 
tity of 200 gm. of soil was used for each bottle and these various materials 
in finely powdered condition were added in equal amounts of 40 parts 
of nitrogen to a million parts of soil and thoroughly mixed. Moisture 
was kept at 60 per cent, of the saturation. A control was run with the 
same amount of soil at the same moisture content. All the bottles were 
incubated in a cellar where the temperature was about 12° to 15° C. In 
some cases the experiment was repeated with the soil of low nitrate 
content. 

After an incubation of one month, analysis for nitrate was carried 
out by the method described by Russell and Page (25) in their methods 
for soil analysis. The method depends upon the oxidation of organic 
matter in the water extract of the soil by alkaline permanganate and 
determination of ammonia obtained by reduction of nitrate with Devarda 
alloy in the residual liquid. The results are calculated as nitrate parts 
per million and are given in Table VIII. 

Table VIII. 

Nitrate nitrogen — Sparta per million. Experimental period---ono month. 

Bice-straw Kice-straw 

decomposed decomposed 

Control soil for 16 days for 36 days 

Rice-straw inoculated with only only only 

I. Soil extract (Series VII) (1) 63*7 36*8 56*7 

(2) 19*1 13*1 20*1 

11. Fungi (Series VIII) (1) 63*7 62*9 66-6 

(2) 19*1 18*9 19*8 

III. Bacteria (Series IX) (1) — — — 

(2) 19*1 8*8 11*0 

In the case of bacteria straw, which had been decomposed for 40 days, was used. 

Discussion. It is quite evideut from the results (see Graphs 3, 4, 5), 
that, given the proper conditions, the combined fungi are as active in 
the decomposition of the organic materials as the whole soil micro-flora. 
It must be admitted that the preliminary conditions in both cases were 
not exactly similar. Firstly in the case of fungi, the straw was subjected 
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to the drastic treatmeut of sterilisation. Chemically this was found to 
affect only the cellulose which gave a yield about 4 per cent, less than 
in the unsterilised straw. It would be impossible to judge what physical 
changes it had brought about: but it has been generally assumed that 
autoclaving makes a plant material more susceptible to microbial attack. 
Secondly inoculation in this case was far in excess of what would happen 
under natural conditions. The difference between the coefficients of 
curves for the loss of organic matter in the case of fungi and soil micro- 
flora respectively is not significant. The loss of pentosans as well as 
cellulose gives further confirmation as both the curves for fungi run 
more or less closely parallel with those of soil flora (see Graphs 4, 6). 
Therefore, even after making allowances for differences of treatment in 
the two cases, it can be fairly assumed that fungi alone can do the 
whole work of decomposition almost as efficiently as the soil micro-flora. 

The bacteria, on the whole, do not seem to be as active as fungi. 
In both these cases the condition of the medium was exactly similar. 
Inoculation in this case was also far in excess of what occurs under 
ordinary conditions. Though it is not claimed that all the bacteria 
active in the soil were obtained, different types of media used for their 
isolation would assure a fair representation of the prominent bacteria. 
A similar limitation was also working in the case of fungi as only three 
species were used in the experiment. It is therefore justifiable to assume 
that fungi show a far greater activity than bacteria in the decomposition 
of organic matter, and therefore under natural conditions they play a 
more important part in the decomposition of cellulosic materials. 

Though comparison of the nitrogen factor (see Graph 6) leads more 
or less to the above conclusion, there is a striking dissimilarity at later 
stages between the three curves. It would seem that although fungi 
during their vigorous growth locked up soluble nitrogen supplied as 
ammonium carbonate, they began to ammonify some portion so ab- 
sorbed. The curves therefore showed a rapid downward tendency, and 
had the experiments been continued after 40 days, the nitrogen factor 
would probably have been greatly reduced. In the case of bacteria 
quite the reverse phenomenon was observed during the whole experi- 
mental period. The locking of nitrogen was very slow but rose during 
the whole experimental period. The curve for the soil micro-flora seemed 
to be a balance between these two curves and might indicate a balance 
between the activities of these two groups of micro-organisms. 

The nitrification tests brought out two important points. Firstly, 
they showed that the loss of organic matter was no proper index of the 
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availability of nitrogen. Rice-straw had lost 46 per cent, of its organic 
matter during 36 days of its decomposition, but the nitrogen it had 
locked up during this process from the ammonium carbonate due to 
the activity of the micro-organisms did not seem to be easily nitrifiable. 
No doubt this decomposed material had no unfavourable effect on the 
nitrate already present in the soil, observed in the case of the straw 
which was decomposed only for 16 days. It could be assumed therefore 
that easily available carbohydrates which are generally considered to 
cause reduction in nitrates are broken down during those 36 days; but 
on the other hand tbe ammonium compound which was assimilated 
during this process by micro-organisms seemed to be transformed into 
some resistant complex which would be required to pass through some 
other stages of decomposition before being easily nitrified. 

Secondly, fungi seemed to be more efficient in removing easily 
assimilable carbohydrates as the product after 1() days’ decomposition 
in this case had not led to any loss of nitrate already present in the soil. 
The curves (see Graph 4) for the loss of pentosans indicated that fungi 
used more pentosans during the first 16 days than the total soil flora 
and this might be the reason of the big difference in the nitrate nitrogen 
figures in the two cases. The loss in the nitrate nitrogen in the case of 
bacteria even after 40 days could be easily explained by the slow de- 
composition the material had sustained during this period. 

Series IX. Pot culture tests. 

In this series, pot culture tests were carried out on Cojyrinus to see 
whether its nitrogen was easily available to plant growth. To get a 
comparative evaluation, ammonium sulphate and dried blood were also 
tried. 

Coprinus was grown on straw mixed with assimilable nitrogen. As 
the temperature of the growth was 36° C. there was much vegetative 
growth, all the fruiting bodies being sterile. It was separated from straw, 
dried and powdered. This separation from straw was quite easy as the 
fruiting bodies rising above the surface of the straw could be easily 
removed, but in some cases bits of straw remained attached to the 
fungus, and it was therefore assumed that the material thus obtained 
contained about 2 per cent, straw. Its nitrogen content was found to 
be 3‘6 per cent, of dry weight. 

Four pots were used for each set and the material was added to the 
soil as 66 parts of nitrogen to one million parts of soil. Mustard was 
grown in pots as it responds well to nitrogen. Coprinus pots showed 
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very good growth at the start, but at later stages they lagged behind, 
and at the time of cutting there was no significant difference between 
this set and the control. The plants in both sets showed early maturity, 
and were thin with less leaf area. The results of the wet and dry weight 
of the plants are given in the following table: 

Table IX. 

Availability of nitrogen far plant growth. 

Average for four pots in each set. 


Wet weight Dry weight 

gm. gm. 

Control 14-4 :i*85 

Ammonium sulphate 29*1 7*4 

Dried blood 24*7 7*1 

CopriwuH 17*7 4*7 


The results clearly show that the nitrogen in Ooprinm is not in an 
easily available condition. This would very well explain the low nitri- 
fiability of manures observed in Series VIII. During the 36 days period 
of the decomposition of the straw, the immobilised nitrogen may have 
been mostly in the fungus bodies. 

V. A sVaAy of the behaviour of certain fungi which were found to play 
the more important part in the process. 

It is quite clear from the previous section that fungi are important 
agents in the decomposition of plant materials in the presence of assimil- 
able nitrogen. They can go through the whole process necessary to 
produce rotted organic manures which are found by the nitrification 
test to be as good as those ordinarily produced by the activity of all 
the groups of micro-organisms present in the soil. It is therefore of 
considerable importance to study their behaviour in pure culture to- 
wards various food constituents, and in this section an examination is 
made of three fungi active in such decomposition. 

Method of Isolation. 

Coons’ agar acidified to pH = 4 was used as a medium for isolating 
these fungi. The inoculum was prepared from a decomposing he^p of 
wheat straw treated with assimilable compounds of nitrogen. Two tem- 
peratures were used for incubation, viz. 35° C. and 50° C., the temperature 
of the decomposing heap being about the latter. Fungal growth was 
obtained on the medium at both the temperatures and this was found 
to be a mixture of fungi : further separation was done on potato agar. 
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Morphological description,, 

Aspergillus sp. (resembles most closely A, fumigatus). 

Colony on synthetic potato-agar {^),p}i 6*2, temperature 35° C., white 
in vegetative stage, green when sponilating, turning brown with age; 
strict, with scattered aerial hyphae, secondary growth; no coloration of 
the medium. Submerged and superficial sterile hyphae creeping, greatly 
branched, septate, hyaline. Margin of the colony spreading, transparent. 
Oonidiophores unbranched (rarely forked in two), aseptate, arising 
directly from the substratum or as side branches; when from the sub- 
stratum, 80 to 200 X 6 to 10 ft, when as side branches 20 to 42 ft in length. 
The surface of the conidiophore is smooth, hyaline or scattered with 
granules. The conidiophore ends with a globose swelling, brownish in 




10 . 



Text-fig. 1. AcrmonieUa sp. {vduUnal), 1-6. Development of spore. 7-8. Branched 
sporophores. 9. Mature spores. 10>11. Germination of spores. All magnified x 600. 


colour, 10 to 22 ft in diameter, closely beset with simple sterigmata, 
pointing forwards, very close, numerous, narrow at the tip 6 to 8 ft in 
length. Conidia oval, 2 to 4ft in diameter, smooth, hyaline singly, green 
when young, brown when mature in mass, in long chains, forming dark 
cylindrical heads 58 to 90 x 37 to 45ft; chain of spores broken up 
readily when mounted. Germination of the spores commonly by two 
tubes at opposite ends of the spores. 

Aoremoniella sp, (resembles most closely A, velutina (Puck) except in 
the shape of the Spores). 

Colony on synthetic potato-agar {6), pE 6*2, temperature 60° C., white in 
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vegetative stage, green turning to black when sporulating. Sectoring 
of the colony is very common. Strict with scattered aerial hyphae. 
No secondary growth. Coloration of the medium between cinnamon 
and fawn colour Ridgway(30). Margin consisting of submerged vege- 
tative hyphae. Hyphae complexly branched, hyaline, septate; no 
differentiation between vegetative and reproductive hyphae. Surface 
mycelium carrying short sporophores laterally, generally single, rarely 
branched in twos and threes, hyaline, septate or aseptate; occasionally 
two or more arise at the same place or on opposite sides for min g a 
cluster, 16 to 32 p. Spores single on each sporophore, oval when young, 
globose when fully developed, brown, thick-walled, with markings on 
the surface, 6 to 9 /i. The spore breaks from the sporophore, sometimes 
retaining a portion of the latter. Germination normally by two or more 
tubes from a single opening. (See Text-fig. 1.) 

Coprinys sp. (resembles most closely C.Jimetanus Fr.). 

The morphological examination in this case was carried out on straw 
moistened with assimilable nitrogen at laboratory temperature (about 
15" C.). 

Cap, when young ovate, 2 to 3 cm. high when fully grown, margin 
unequal, then more or less expanded, companulate, at first even; during 
growth the cuticle gets torn into adpressed shaggy scales which can 
easily be removed and are white in colour, interstices grey, disc pale 
ochraceous, remaining entire, margin torn ; stem white, 3 to 5 cm. long 
at ordinary temperature (15" C.), more (10 to 15 cm.) at 35" C., cylin- 
drical, sub-equal or slightly upwards, fibrous, hollow, with a cord of 
filaments in the cavity, covered with silky hairs which soon fall off, even, 
bulbous at the base, bulb solid, ring absent; gills free, distant from the 
stem, white then blackish; spores black, elliptical, 9 to 12 7 to 

germination by two or more tubes. 

Physiological Studies. 

1 . Temperature relationship. 

The growth of these fungi at various temperatures was studied on 
potato-agar in petri-dishes. Four petri-dishes, containing the same 
amount of medium (20 c.c.), were utilised for every temperature, and a 
definite quantity of inoculum of spores in sterile tap water (1 mm. loop) 
was placed in the centre of each petri-dish. They were then placed in 
columns face downwards in moist containers, a precaution taken to 
prevent drying of the medium at high temperatures. Generally the 
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incubation period was only for six days, but where the growth was slow 
it was extended to 12 and 24 days. 

Measurements of the growth were made in every case on the 3rd, 
6th, 12th and 24th day in two directions at right angles to each other, 
each measurement being made to the nearest half-millimetre. In cases 
where the colony did not grow circularly, measurements were made 
along the long and short diameter and the average taken. In the case 
of Coprinus sp. measurements were taken only on the 6th day. 



Graph 7. Six days’ growth of fungi at different temperatures. 


The stock cultures which supplied the inocula were grown on synthetic 
potato-agar at 35° C. in the case of Aspergillus and AcremonieHa. The 
Cojninm was grown on straw at ordinary temperature and the spores were 
collected on sterile cover-slips at the time of their shedding. Owing to 
the difficulty of obtaining a uniform suspension of spores as a result of 
their impermeability, especially in the case of Aspergillus sp., the inoculum 
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in each case was likely to differ in the number of spores, A count of 10 
such inocula showed that the number of spores varies from 22 to 57. 
The actual measurement of growth in the petri-dishes showed that 
this big variation had no significant effect on the growth of the colony 
and therefore the quantitative measurements are sufficiently reliable. 
The results are represented in Graph 7. 

2. GroiHh an media containing cxirbon and nitrogen compounds. 

The mineral salt solution used as a basis for the study of the be- 
haviour of these fungi towards different carbon and nitrogen compounds 
had the following composition; 


MgSO^.THjO 

0-5 gin 

K^HSO, 

]•() „ 

KCl 

.. o-r> „ 

FeS 04 

0-0] „ 

Water . 

1000 c. 


Compounds of nitrogen were added at the rate of 2 gm. per 1(X)0 c.c. 
of the medium and include peptone, ammonium sulphate, sodium nitrate 
and asparagin. The carbon compounds were used at the rate of 1 per 
cent, and consisted of dextrose, saccharose, maltose, xylose, arabinose, 
galactose, mannose, starch, straw^ gum, cellulose and lignin. All the 
media contained agar as 15 gm. per 1000 c.c. 

(fellulose for the medium was obtained by dissolving filter paper in 
Schweitzer’s reagent and precipitating it with acid(i^). In addition to 
the cellulose agar medium, filter paper strips in mineral salt solution 
were also tried for the fungus growth. Lignin was extracted from wheat- 
straw by the method of Beckman, Liesche and Lehman (2). 

The study of the behaviour of these fungi on the various media was 
done in petri-dishes. The amount of inoculum as well as the method 
of inoculation w’as the same as described in temperature relationship. 
The petri-dishes were incubated at the optimum temperature for the 
growth of these fungi, viz. 35^ C. in the case of Aspergillus and Coprinus 
and 50° C. for Acre'tnoniella. In the case of the latter, additional petri- 
dishes wxre incubated at 35'" C. for certain media in which the fungus 
did not show good growth at the higher temperature. The period of 
incubation was generally 12 days. 

The petri-dish cultures were made in order to take quantitative^ 
measurements of growth ; but it was soon found that though this method 
was fairly accurate for one medium under different conditions, it was 
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Table X. 


Behaviour of fungi mi pure nitrogen and carbon compounds. 



;15“ C. Aspergillus sp.* 

A 


50“ C. Aermaniella sp. 

36“ C. 


r 



. . I , r ^ 

UVyTwnwO 



sporu- 


Sporu- 

sp.t 

Period 12 dyas 

Growth 

lation 

Growth 

lation Colour of the medium 

Growth 

Nitrate -ffcarbon compounds) 






Glucose 

A X X A 

X X X X 



X X X X 

Saccharose 

X X X X 

X X X X 



X X 

Maltose 

X X X X 

X X X X 



X X X X 

X^ose 

X X X X 

X k X X 



XXX 

Arabinose 

X X X X 

XXX 



X X 

Galactose 

X X X X 

XXX 

> Growth in all cases poor, very little sporulation 

X 

Mannose 

XXX 

XXX 



X 

Starch 

X X X X 

X X 



X X X X 

Cellulose 

X X 

X X X X 



m 

Straw gum 

y X 

X 



— 

Lignin 

Nil 

Nil 



— 

Peptone+(carbon compounds) 






Glucose 

< X ^ 

X A 

X A X X 

X X A X Nil 

X X X X 

Saccharose 

X \ y 

) X V 

X X X X 

A X y A Between dnnamon (XXIX) 

XXX 





and fawn colour (XL) 


Maltose 

— 

-- 

X > '.X 

A A X X Nil 

^ X y A 

Xylose 

< X X / 

A X X X 

A Y 

/ 

— 

Arabinose 

A X X < 

< X X X 

A 

/ 



Galactose 


— 

XXX 

< X / . „ 

X 

Mannose 

— 

__ 

/XXX 

X X X X Same as saccharose 

\ 

Starch 

X X / X 

X A A y 

XXX 

XXX Nil 

A X X A 

Cellulose 

— 

— 

Nfl 

Nil 

Nil 

Stow gum 

— 

— 

y X A 

XXX 

X X 

T.ignin 

— 

— 

X X 

y XX 

X 

Ammonium sulphate +glucos('> 

A ' 

X 

X 



A^aragin+glucose 

^ A \' 

A X 

A A 

^ >» 

X A 

Casein -fglucuse 

% A / X 

A X A X 

> X X A 

XX/ \'aries between i and k 

X X X 





(XXVIII) 


Kgg-albumen +glucus(' 

X X X X 

X A X X 

X X X < 

y X K Cameo brown (XXVIIl) k 

X X X X 

Potato agar 

X X X X 

y \ X X 

X y X X 

X X Y X Same as saccharose 

/XXX 

Synthetic potato agar ... 

y X X 

X X 

X X 

y Nil 

/XX 

Stow extract agar . . 

XXX 

X X 

XXX 

X A „ 

— 

Prune extract agar 

X X X X 

y X X X 

/ 

Nil 

/ 

Filter paper in mineral salt ... 

X X 

X X X y 

Nil 

»> V 

Nil 

Baulin’s solution 

X X X X 

X X 

V 

» )» 

X X X X 

White of egg (liquefying power) 

X X 

'< X y < 

X a/ 

< X Colour same as egg albumen 

X X X X 


Nil 



agar. No liquefaction 

Nil 


* A spergiUwt no colour in the medium. t CopnntiSy no colour in the medium, no sporulation, 

N.B. Period of incubation~12 days. Ridgway’a Colow Standards and Nomenelatwf. 

The symbol x x x x represents the best growth as well as the best sporulation, while the symbol / represents ger- 
mination in the case of the growth and visibility of the spores under the microscope in tlu* case of sporulation. The 
others represent the intermediate stages. 

quite unsuitable for different media owing to the variation in the type 
of growth of the one fungus. By this system thin spreading growth 
gives high quantitative results even though the visual inspection would 
show quite the reverse. Also it does not take sporulation into account. 

For these reasons .quantitative measurements were discontinued in all 
these cases. A qualitative idea is obtained by the visual inspection of 
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the growth on three petri-dishes in each case. This is symbolically 
represented in Table X. The symbol x x x x represents the best growth 
and the symbol / only the germination of spores, the others representing 
intermediate stages. The symbol / in the case of sporulation indicates 
that the spores are visible under the microscope only. 

In addition to the above media, the following standard media were 
also tried: prime extract agar, straw extract agar, Raulin’s solution, 
synthetic potato agar(o), casein glucose agar, potato agar, egg-albumen 
glucose agar. The liquefaction power of these fungi was tested on 
white-of-egg. The usual procedure of utilising gelatine for such an ex- 
periment could not be adopted owing to the high temperature necessary 
for this study. 

3. Study of enzymic activity. 

A few tests of the enzymic activity of these fungi were carried out 
according to ('rabill and Reed’s methods ((>), and the results are shown 
in Table XI. 

Nitrogen was added to the stock medium in the form of nitrate and 
peptone. As can be seen from Table X, while nitrate is favourable for 
the growth of Aspergillus and Coprinus it is inhibitive to the growth of 
Acremcniella. On the other hand Aspergillus prefers nitrate to peptone 
which is most suitable for the growth of Acremoniella. Thus for the 
study of each enzyme it was necessary to use two media varying in the 
type of nitrogenous compounds. 

4, Action on cAlulosic materials. 

Rice-straw was chosen as a celliilosic material for this study. It was 
sterilised in bottles and inoculated with the pure cultures of these fungi 
singly as well as in all possible combinations. Method of sterilisation, 
addition of ammonium carbonate and inoculation of these fungi was 
exactly the same as described in Section B, Series II. 

All the bottles were inoculated at 35^^ C. In the case of Acre^noniella 
an additional bottle w^as incubated at 50° C. which is the optimum 
temperature for its activity. The experiment was stopped after 36 days 
and the contents were analysed. The results are given in Table XII. 

Acremoniella did not show any activity at either temperature, while 
Aspergillus took nearly a fortnight for a start-. In the case of the latter, 
sporulation was the prominent feature. Though Coprinus showed early 
growth, the decomposition was very slow even in this case. The various 
combinations of these fungi in twos worked better than the individual 
fungus; but all three together seemed best for the decomposition. 

Ann. Biol, xiv 3 
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Table XI. 

Enzymic activity of fungi. 

Aspergillus sp. 

Dissolution 


Enzymes 

Medium 

Growth 

01 1/IIC 

particles 

Halo 

Reaction 

Erepsin 

Casein agar 

Fair 

Slight 

Fair 


Trypsin 

Egg-albumen agar 


Good 

None 


Amidaso 

Asparagin -rosuhe 
acid agar 

Good 


" 

Deep brilhant 
red, widely 
diffused 

Cytafaf 

Straw gum agar 

Fair 

Doubtful 

None 


Cellulasr 

Ct'llulose agar 

Good 

None 

♦» 

— 

Amylase 

Starch agar 

Veiy^ good 


— 

Yellow 

Lignin-decom- 
posing enzyme 

Lignin agar 

None 

None None 

Acrermniella sp. 


Erepsin 

Casern agar 

Poor 

Fair 

None 

— 

Trypsin 

Egg-albumcii agar 

Good 

Good 



Amidase 

Asparagin-rosolic 
acid agar 

Fair 

-- 

— 

Slight red 

Cytase 

Straw gum agar 

Good 

Slight 

None 

-- 

Cellulase 

Cellulose agar 

None 

Nonc‘ 


--- 

Amylase 

Starch agar 

Very good 

— 



Lignin-decom- 
posing enzyme 

Lignin agar 

Fair 

Doubtful None 

Coprinus sp. 


Erepsin 

Casein agar 

Good 

Good 

None 


Tiypsin 

Egg-albumcn agar 

Veiy good 

Very good 



Amidase 

Asparagin-rosolic 
acid agar 

Good 

— 

— 

Deep red 
diffused 

Cytase 

Straw gum agar 

SUght 

Doubtful 

None 

— 

Cellulase 

Cellulose agar 

None 

None 

»» 

— 

Amylase 

Starch agar 

Very good 

— 

— 

Yellow 

Lignin-decom- 
posing enzyme 

Lignin agar 

Slight 

Table XII. 

Doubtful 

None 



Decomposition of rice-straw by fungi. 


Calculated on 100 gm. of dry matter. 


Coprinus 

Loss of dry 
matter 

2IP2 

Nitrogen 

factor 

0-5 

Coprinus -f- Aspergillvti 

27-2 

0-51 

Coprinus + A cremoniella 

26*3 

0*43 

Aspergillus 

16-0 

0-54 

Aspergillus + Acrermnirlla 

280 

0-34 

Aeremoniella 

OO 

— 

Aspergillus -f* Aeremoniella Coprinus 

40-6 

0*70 
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5. Physiologiml characteristics of individual fungus, 
As'pergillus sp. 

The optimum temperature for the Aspergillus seems to lie between 
30° and 40° C. and the maximum at about 50° C, Its growth below 
30° C. is very slow and at the ordinary temperature of the laboratory, 
which was about 15° C., the spores took about 12 days to germinate. 
Thus this fungus cannot be active in the decomposition of cellulosic 
materials at a temperature below 30° C, 

Table X indicates that the Aspergillus has no special affinity for any 
one carbohydrate. Though there is a slight variation of growth on the 
different media, it is not significant to require special consideration. It 
shows moderately good growth even on cellulose media. On the other 
hand it sllov^s poor growth on straw gum, which cannot therefore act 
as a substitute for its hydrolytic products- xylose and others. This 
might be the reason for the slow activity of the fungus on rice-straw, 
as the lack of this hydrolysing enzyme would naturally prevent it from 
making use of the easily available food material — the pentosans. 

Among the nitrogen compounds, nitrate comes the first, though in 
some carbohydrate media, peptone is as good as nitrate. Asparagin 
comes next, but ammonium sulphate supplies poor nourishment. As this 
fungus show\s the best growth on an acid medium (pH - 4*6) this in- 
hibitory effect of ammonium sulphate may not be due to acidity. 

The colour of the spores seems to be dependent upon the nature of 
the carbohydrates. While dextrose and saccharose cause the production 
of dark green spores, the fungus on arabinose and starch has spores of 
a paler tinge. Further, the brow ning of the spores observed in the case 
of growths on potato agar about the Gth day, was not visible in the 
case of growths on all these carbohydrates even on the Tith day. A study 
of Table XI indicates that the predominance of sporulation over the 
vegetative stage is due to the poverty of the medium in the requisite 
food ingredients. Cellulose agar or white-of-egg are good examples. On 
the other hand, rich media such as Raulin’s solution brings about quite 
the reverse effect. 

Acrenmuella sp. 

The optimum temperature for the growth of Acremoniella lies be- 
tween 40° and 50° C. and the maximum at about 60° C. Though isolated 
spores do not germinate at higher temperatures, they are found to 
germinate up to about 70° C. if inoculated in agglutinated mass. The 
spores are not found to germinate at all below 25° C. The necessity of 

3—2 
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high temperature for its growth indicates that ordinarily this organism 
cannot be active in the decomposition of cellulosic materials. But 
during the first stages of the decomposition of manure heaps, the tempera- 
ture goes as high as 65° C. and sometimes even higher. Generally speaking 
thermophyllic bacteria are considered responsible for the decomposition 
during this period; but it seems reasonable to assume that this fungus 
can also take part during that process. 

Though the fungus requires high temperature for its growth, it seems 
to be susceptible to sudden changes of temperature. Thus it is found 
that an inoculum from cultures grown at 50° C. and kept afterwards at 
room temperature for more than a month will not grow if incubated at 
its optimum temperature of 60° C. It is necessary either to raise it 
gradually from lower temperatures (35° C.) upwards or to inoculate the 
spores in agglutinated mass if incubated at once at the high temperature. 
Even in the latter case one or two transfers are necessary for it to regain 
its original vitality. Whether it would show the same phenomenon 
imder the natural condition of its activity is not known. But this 
characteristic is repeatedly observed on artificial media. Sectoring occurs 
frequently in cultures of this fungus and is probably the basis of its 
change in temperature relationships. 

This fungus shows great diversity in growth on different nitrogen 
and carbon compounds. Nitrate and ammonium sulphate have an in- 
hibitory effect. Not only the growth is poor, but the hyphae are closely 
felted together and in some cases as in nitrate saccharose agar, they 
showed beaded appearance, Sporulation is also generaUy absent. In 
some cases sporophores can be seen under the microscope with immature 
spores. Peptone is the best nitrogenous food, asparagin coming next 
to it. 

Among the carbon compounds, pentoses seem to supply poor nutrients 
to this fungus; but it grows very well on straw gum. Perhaps the con- 
centration of these sugars might be too high for it. In the case of straw 
gum, insolubility of the gum would not lead to the increase in the 
concentration. It does not show any growth at all on cellulose in solid 
as well as liquid media. On lignin some growth is made though the 
fungus is not vigorous on it. In other carbohydrates, AcremonieUa shows 
vigorous growth and in such cases, sectoring is common. 

The general colour of the colony is grey though individual spores are 
dark brown. The spores, in contrast to those of Aspergillus^ remain 
moist in all the media tested. They are not therefore easily scattered 
by the wind as ip the case with the Aspergillus spores. Acremoniella 
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also produces colour in the medium which is in certain cases, as on egg 
medium, very characteristic. 

Coprinus sp. 

The optimum temperature for the growth of Coprinus lies between 
30° and 35° C. and the maximum at about 45° C. In this case, the 
best temperature for growth is not the best for spore production as 
almost all the fruiting bodies are sterile. The fruiting bodies grow very 
vigorously, reaching a height of 8 inches on straw and also branch 
copiously; but the cap is almost always very small, hard and yellow, 
without scales, and sterile. At this temperature only in rare cases was 
it found to give fertile fruiting bodies. But sclerotia — 10 to 15 brown 
irregularly shaped bodies — are quite common both on the media as 
well as on the straw. At ordinary temperature as well as at 25° C. 
growth is very slow, the maximum height to wliich the fruiting body is 
found to reach being 3 inches. But generally all the fruiting bodies are 
fertile. The shedded spores kept on sterile cover-slips are found to 
germinate even after six months. 

Except galactose and mannose, all the carbohydrates are suited to 
its growth. The most vigorous growth is found on glucose and maltose, 
where the colony not only spreads even outside the petri-dish due to the 
fluflFy growth, but is full of sclerotia. 

V. General Discussion and Conclusions. 

In the discussion of this work, it must be borne in mind that plant 
materials containing large quantities of hexoses and starches are generally 
used as food either for animal or man and are not therefore likely to be 
utilised as waste for conversion into manure. Thus the materials avail- 
able for manurial purposes are rteficient in both these constituents. 
However, the process of rotting does not appear to be unfavourably 
influenced by the elimination of these constituents and it can therefore 
be assumed that they have no important bearing on the decomposition 
of these materials. 

As regards cellulose, this forms a major portion of the fundamental 
plant tissue and is of importance in the decomposition. Perhaps the 
greatest difiiculty in tracing the behaviour of cellulose is the lack of 
any reliable method for its estimation. Out of all the methods so far 
proposed, the chlorination method of Cross and Bevan(S) is generally 
considered to be the best; even by this method, however, not only does 
the preliminary alkali treatment lead to a slight loss of cellul jse, but the 
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chlorine after first combining with lignin starts to attack the cellulose 
itself. As the decomposition by organisms proceeds, therefore, the 
surface area of the cellulose is increased which makes it more susceptible 
to the chemical treatment. This is confirmed by Graph 5 which shows 
that the loss of cellulose from the rice-straw decomposed by fungi alone 
is very rapid though only one of these fungi is found to grow slightly 
on pure cellulose. The apparent large loss of cellulose is therefore not 
purely due to the microbial activity and would not give an index as to 
its food value to the micro-organisms. This must be borne in mind in 
seeking to interpret any analytical data in connection with cellulose 
decomposition. Thus failing any reliable direct evidence it is necessary 
in order to obtain an idea of the importance of cellulose to use indirect 
means. This has been made possible by the physiological studies of the 
organisms most active in the rotting of this type. An investigation into 
the relative importance of bacteria and fungi in these decompositions 
shows the latter to be far more active than the former. The behaviour 
of these active fungi towards different purified carbon compounds show\s 
that pure cellulose is itself a poor nourishment especially at the start, 
and it seems, therefore, that though cellulose may be easily decomposed 
once the organisms are active, it would not be a factor controlling the 
^‘decomposibility” of the material. 

Investigations by many w’orkers have proved that lignin is very 
resistant to microbial attack. Except certain timber rotting fungi such 
as Trametes pint, etc., which do not commonly occur either in soil or 
manure, organisms do not flourish solely on lignin. The physiological 
studies here reported of certain fungi acting in such decompositions also 
show that, except in one doubtful case , lignin does not sustain their 
growth, and it is therefore quite natural to assume that lignin would not 
only be a poor nourishment to micro-organisms, but being a part of 
the fundamental tissue would, on account of its resistant nature, act as 
a physical barrier, thus hindering their ability to get their food. If this 
be true the high lignin content of any cellulosic matter would be detri- 
mental to its decomposition and this is found to be the case with many 
of the materials. 

Next to cellulose, hemi-cellulose forms an important constituent of 
plant tissue; but like cellulose, this is not a chemical entity as on 
hydrolysis it not only yields separate distinct compounds, but these 
compounds vary in quantity in different cellulosic materials. Thus its 
estimation, as a whole, does not lead one to any definite conclusions. 
The only possible way, therefore, of getting an idea of the value of these 
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various products of hydrolysis in the process of decomposition is to 
study their effect on the activity of micro-organisms. It has been shown 
(Series IV) that both galactose and mannose offer poor nourishment to 
the organisms active in such decompositions. The physiological studies 
of fungi also confirm their poverty as nourishment to the most active 
fungus {Cofrinus), On the other hand, both by its rapid disappearance 
during the ])rocess of decomposition, as well as by the nutritive value 
of the products of hydrolysis, the pentosan part of the hemi -celluloses 
is found to supply the best energy to these micro-organisms. Pentosans 
form the larger part of the material which is attacked at the start, and 
though the loss in other constituents at later stages masks their im- 
portance, they are found to be essential to start the process of de- 
composition. The predominance of fungi in such decompositions further 
supports this assumption as studies on their physiology show that pento- 
sans either in their natural state or in hydrolysed form supply the best 
nutrition to these organisms. Tliis also lends confirmation to the con- 
clusions of various workers who consider pentosans as the most easily 
decomposable constituent. 

The study of the decomposition of the carbonaceous constituents of 
plant materials leads one, therefore, to conclude that pentosans form 
the important microbial food, and they may thus be assumed to control 
the “decomposibility*’ of a material. Further investigation on varied 
materials to test the validity of this hypothesis resulted in the know- 
ledge of the unreliable nature of the analytical method for the deter- 
mination of pentosans. It was found that the Krober and Tollens(i) 
method for pentosan determination included also some part of cellulose 
which w^as found both by direct fermentation tests as well as by indirect 
analytical estimation to be resistant to microbial attack. The apparent 
large figure for pentosans observed in the case of certain materials, such 
as poplar wood, consisted largely of this resistant compound and was 
therefore very misleading. The method had therefore to be modified to 
get as far as possible an accurate figure for pentosans. This was achieved 
by deducting the furfuroids yielded by cellulose from the total fur- 
furoids, considering the remainder as representing pentosans. Even in 
this case certain exceptions to this hypothesis were found, thus showing 
that there was some other constituent besides pentosans which had a 
bearing on the process of decomposition. As discussed above, lignin 
could be taken as such a compound. Since it is of resistant n iture, it 
would be expected to act as a physical barrier to the microbial search for 
food materials and therefore a balance between th? two factors — 
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nutritive or chemical and physical — ^would be likely to control the 
process of rotting. The application of this modified hypothesis in 
evaluating the results obtained (Table V) proved its validity; we are 
thus enabled to predict the “decomposibility” of a material by purely 
chemical analysis. 

It is evident that the important condition for rapid decomposition 
of a material is the predominance of pentosans over lignin. This is found 
generally to be the case with the easily decomposable materials such as 
straws. On the other hand, woods consist of a large amount of lignin 
and are found to be very resistant. This indication of the basic principles 
underlying the process of decomposition naturally leads to the next 
step for its practical application, viz. the artificial stimulation of the 
process. There seemed to be two possible ways by which this could be 
achieved, either by a reduction of the lignin content or by an increase 
in the amount of pentosans. In the former case, it is essential to get 
an organism with special predilections for lignin; but among the micro- 
organisms active in such decompositions none is so far found to show 
such specificity. The second alternative was also found impracticable as 
organisms getting both their nitrogenous and carbonaceous food outside 
the tissues produced less decomposition of plant materials than was 
normally possible. 

As regards the relative importance of the two groups of micro- 
organisms active in such processes, the present investigation proves that 
fungi are more important than bacteria, especially during the early 
stages of decomposition. Further, fungi are found capable of carrying 
out the whole process of breaking down of the cellulosic material as 
efficiently as the total soil micro-flora. But it seems that the nitrogen 
which these fungi immobilise in their body protein is not easily available 
for plant growth (see Series IX). It is therefore necessary that these 
bodies in turn must be decomposed by other organisms and the dis- 
appearance of fungal hyphae at later stages of decomposition suggests 
that nitrogen passes through the bodies of various organisms before it 
can be easily nitrifiable for plant growth. 

In addition to the physiological peculiarities noted above, the study 
of these fungi shows a further interesting point. All three are most 
active at temperatures far above those usual for fungal growth and it 
would be an important point to note whether they themselves can bring 
about the rise in temperature necessary for their activity. A preliminary 
experiment in thermos flasks, when daily temperature records were taken 
of the straw which was sterilised and inoculated, very strongly suggests 
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this possibility, but further and more elaborate investigation is necessary 
before any definite conclusions can be carried out. 

VI. Summary, 

In mature plant materials pentosans form the most important food 
for micro-organisms. 

The Klober and Tollens method for the determination of pentosans 
is not specific for these compounds. 

While pentosans are easily attacked by micro-organisms, the other 
furfurol-yielding compounds are found to be resistant, and it is therefore, 
essential to get a correct figure for pentosans. A possible method is 
suggested : to determine the furfuroids in the cellulose obtained by the 
chlorination method and to deduct this amount from the total furfuroids. 

Two factors appear to control the decomposition of ripe cellulosic 
materials in. the presence of assimilable nitrogen. The one is the food, 
or, better termed, energy factor which is the pentosans, the other is the 
physical or inhibitory factor which is the lignin. It is found that if the 
ratio of energy factor to inhibitory factor is above 1, the material is 
easily decomposed ; but if it is below 0*6, the material is very resistant 
to microbial attack. The prediction of the “ decomposability ” of a 
material is thus possible. 

Attempts to increase this ratio in resistant materials by the addition 
of carbohydrates proved unsuccessful. It was concluded that since 
micro-organisms obtained their food materials outside the tissues, they 
did not attack the tissues until the more easily available food-stuffs 
were exhausted. Thus the decomposition of the material was actually 
less than was possible under natural conditions. 

Mannose and galactose do not appear to form suitable food for the 
micro-organisms concerned in these processes and it is concluded that 
the pentosan part of the hemi-celluloses is most important as microbial 
food. 

The study of the relative importance of bacteria and fungi proves 
that under the conditions of these experiments, fungi play a more 
prominent part especially during the early stages of such decomposition. 

The study on the availability of the nitrogen of the fungal bodies 
proves it to be of the resistant type. It seems that at later stages of 
decomposition under natural conditions fungi are decomposed by other 
organisms. 

The ability of certain fungi isolated from such decomposing heaps, 
to grow at high temperature as well as on punfied carbon constituents 
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of plants, and also the presence of almost all the enzymes necessary to 
hydrolyse the complex carbon constituents, further confirm their im- 
portance. The possibility of their activity under natural conditions in 
manure heaps is strongly suggested. 
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EXPLANATION OF PLATES I— IV. 

PLATE I. 

Fig. 1. CofiriiMM sp. growing on sterilised oat-straw at laboratory tem- 

perature. Fertile sporophores are formed. 

Fig. 2. CoprinMS sp. (fimetarius^) growing on sterilised lioe-straw at 35° G. Sporophores 
are formed which frequently push the cotton- wool plug out of the neck of the bottle 
and emerge several inches. The sporophores are aborted and sterile. 

PLATE n. 

Fig. 1. Acrenumidla sp. (velutinal). Six days’ growth on Gzapek’s agar. At 25° C. and 
65° C. the spores have germinated but are not visible in the photograph. 

Fig 2. AapergiUuB sp. (fumigaius^). Six days* growth on Czapek’s agarT* At 15° C. and 
55° C. the spores have germinated but are not visible in the photograph. 

Fig. 3. Coprinwt sp. {fimeiariual). Six days* growth on Czapek*s agar. At 15° C. and 45° C. 
the growth is just visible. At 10° C. and 50° 0. germination occurs but no growth is 
visible in the photograph. 

PLATE III. 

Fig. 1. AcremcmieUa sp. {velutim^). Growth on peptone medium + arabinose. 


Fig. 2. 
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Fig. 3 ’shows sectoring of the colony. 


PLATE IV. 


Fig. 1. AspergtUua sp, (fumigatusl). Growth on glucose medium + nitrate. 
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Fig. 5. AeremonieUa sp. {vduHnal). 
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A. Introduction. 

Siucx>N ranks amongst the elements that are usually found in the ash 
of plants, and numerous analyses are available to testify to its almost 
universal occurrence. Wicke(i8) found sufficient silicon in beech 
* Now at Cotton Beaearch Station, St Augustine, Trinidad. 
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bark to leave a skeleton when properly treated, lesser quantities being 
detected in other Cupuliferae, in species of Acer, and in many members 
of Urticaceae and Artocarpeae. Hatten8aur(7) determined in Molinia 
caerulea 28-666 per cent. SiOg in the ash, being 0-646 per cent, of the 
whole plant, while Ott(i3) found 70-64 per cent. SiOg in the ash of 
Equisetum Telematia and 41-73 per cent. SiOg in the ash of Equisetum 
arvense. In some cases the silicon content is very heavy, as in Moquilea 
sp. (fam. Ckrysobalaneae), in which Cruger(i) found that the bark 
contained 30 per cent, ash, of which 96 per cent, was silica. As a general 
rule silica gradually accumulates with time in the ash, and in young 
organs the merest traces may occur in plants which, when mature, 
contain a heavy percentage. The moat comprehensive information, 
however, is given by Wolff (19), who summarises the results of numerous 
analyses, giving the range and average percentagea of SiOg in the ash 
of many plants. A few of the most typical may usefully be quoted here, 
to indicate the large amounts of silicon that are normally widely dis- 
tributed through the vegetable kingdom. 

Percentage of SiO^ m ash. 

Number of 


Plant 

analyses 

Averag(‘ 

Range 

Meadow hay 

100 

28-73 

03 2-10-4 

Red clover 

113 

2-69 

20-2- 0-0 

Lucerne 

12 

9-54 

27-9- 0-8 

Barley (grain) 

57 

25-91 

30-7- 3-7 

„ (straw) 

30 

51-00 

OS 5-32 1 

Wheat (grain) 

no 

l-9(> 

5-9- 0-0 

„ (straw) 

18 

07-50 

72-5-49-0 

Peas 

40 

0-91 

3-0- 0-0 

Potato tuber 

50 

2-04 

8-1- 0-0 

Sugar beet (root) 

149 

2-28 

12-1- 0-0 

„ (shoot) 

25 

10-17 

33-5- 0-0 


This very general presence of silicon led to the belief that the element 
was an essential nutrient for many plants, especially cereals, but it has 
been shown that even such plants which usually contain large quantities 
of silicon can come to perfect maturity in its absence. The idea also 
arose that the presence of much silica prevented the lodging of wheat, 
but as early as 1866 Pierre (15) showed this to be a fallacy, as varieties that 
contain most silica are often the most liable to lodge, as the bulk of the 
silica is accumulated in the leaves and the least in the nodes. For equal 
weights leaves contain 7 or 8 times as much silica as the nodes, and 
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Pierre suggested that if the leaves are removed before the ears ripen, 
lodging can often be prevented, although much of the silica in the straw 
is thereby removed. Pfeffer(i4) supported the theory that the laying 
of crops after heavy rain is not due to the absence of silica, but rather 
to the partial etiolation of the basal portions of thickly sown plants. 

It is interesting to note that the silicon content of the ash is not 
necessarily determined by the amount of silica available in the sub- 
stratum. Richardson (IS) claims that dune plants grown on almost 
clear silicate obtain and concentrate in their tissues the same mineral 
constituents, in approximately the same relative proportion, as the same 
species grown on ordinary soil, with apparently no extra storage of silica. 

The function of silicon in plant nutrition has attracted much 
attention, both from the theoretical and practical aspects. Fliche(5 
suggested a possible association between silicon and phosphorus, showing 
that chalk-avoiding plants like Calluna vulgaris, which had about 27 per 
cent. Si 02 in the ash, also had about 10 per cent, phosphoric acid. 
Hall and Morison (6), after due consideration of the results obtained on 
certain Rothamsted plots and from special series of water cultures, con- 
cluded that the increased and earlier grain formation observed in the 
presence of silica, is due to an increased assimilation of phosphoric acid 
within the plant brought about by the silica. They do not cite any 
evidence that the function of phosphorus is in any degree usurped by 
silicon, or that phosphoric acid can be replaced by silicates as manurial 
constituents. Jenningses) found an increase of 17*8 to 29-2 per cent, in 
dry weight in wheat seedlings grown with 1 per cent, silica added to 
the nutrient solution, and also an increase in the silica content of 
the plants^. Lemmermann and Wiessmann(9) stated that definite 
increase in yield was induced by silicon in presence of insufficient phos- 
phoric acid, and a less increase if potash was deficient, the best results 
being obtained with colloidal silicate, this being attributed to an in- 
fluence exerted on the plants and not on the soil. Later (Lemmermann, 
Wiessmann and Sammett(iO)) this view was somewffiat modified, and 
it was further stated that silica does not replace phosphoric acid in the 
nutrition of the plant, but indirectly increases the amount of phosphoric 
acid which can be taken up from the soil and the efficiency with which 
it. is utilised. Nanji and Shaw(i2), however, controvert this hypo- 
thesis, claiming that if phosphoric acid be absent but an abundant 
supply of silica be available, the latter is able to replace the phosphate 

^ Schollenbergor<i7) also obtained incroasi'd growth of various crops by the use of 
various silicate compounds in soil, both with and without the addition of other fertilisers. 
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without any detriment to growth; further, that conditions that are 
favourable for the assimilation of silica may be unfavourable to or even 
suppress the intake of phosphoric acid. 

DenBch(2) anticipated Lemmermann's results, finding that silica 
does not replace phosphoric acid, but that soluble silicate induces a 
stronger growth and greater intake of plant food constituents from 
the soil. This was further corroborated by Gile and Smith (3), who also 
found that silica gel greatly benefited the growth of plants receiving 
rock phosphate, presumably by increasing the quantity of phosphoric 
acid in solution, though little increase was brought about if acid phos- 
phate were used. 

In view of the possibilities of reducing the necessary quantities of 
phosphate or potassic fertilisers by means of silica compounds suggested 
by the work of the above investigators and others, experiments have 
been undertaken at Bothamsted to determine whether the use of silicates, 
supplementary to other forms of fertilisers, might be an economic pro- 
position. 


B. Relation between Silicon and Phosphorus in 
Plant Nutrition. 

With a view to obtaining more exact information as to the possible 
replacement of phosphorus by silicon in the economy of the i)lant, the 
water culture method was employed, enabling silicon to be entirely 
excluded from the nutritive medium when necessary. The culture bottles 
were lined with purified paraffin wax to prevent solution of silicate from 
the glass, and pure analytical salts were utilised for preparing the 
nutrient solutions. Barley was grown in the presence and absence of 
phosphate, with or without the addition of soluble sodium silicate. The 
unit of silicate employed was that providing as much silicon per litre 
of nutrient solution as is equivalent, atom for atom, to the phosphorus 
normally supplied in the same amount of solution. 

I. Experiment 1, 1924. 

Two types of nutrient solution were employed, of pH 6*2 and pH 3*7, 
the only difference being the replacement of the acid potassium phos- 
phate in the latter solution by a mixture of acid and alkaline phosphate 
in the former to change the pH value. Two amounts of silicate were 
utilised, providing Si ^ \P and Si = IP, and as the addition of these 
caused very considerable fluctuations in pH values, a second parallel 
series was grown in which the correction to the original pH was made 
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by means of standard HCl or NaOH. In this way it was hoped to 
eliminate variations caused by the varpng acidity, and thus to con- 
centrate attention on the effect of the silicate. It was ultimately found 
that the variations due to fluctuating pH values for the same treatment 
were very considerable, and for the sake of clearness only that series 
will here be considered in which the acidity was restored to its original 
pH value after the addition of silicate. The culture solutions were re- 
newed as required, with five changes in all, the intervals between changes 
becoming shorter as growth went on. As the bottles were of 600 c.c. 
capacity, each plant thus had access to 3*0 litres of solution altogether. 
The pH value of the old ’solution in each bottle was determined at every 
change. The composition of the four solutions was as follows: 



With phosphate 

Without phosphate 

A. 

A 

(pH 6-2) 

B (pH 3-7) 

From A 

From B 


gm. 

gm. 

gm. 

gm. 

Putassiurn nitrate) 

10 

10 

10 

lO 

„ hydrogen phosphat^^ 

0-3 

Oo 

— 

... 

„ phosphate (alkaline) 

0-27 

.... 

— 

— 

iUagneaiuin sulphate 

0*5 

0-5 

0-5 

0-5 

Calcium sulphate 

0-5 

0*5 

0-5 

0-5 

Sodium chloride 

Oo 

Oo 

0*5 

0-6 

Potassium chloride 

— 

— 

04 

0 27 

Ferric chlonde 

0()4 

004 

004 

004 

Distilled H^O to make up 1 litre 





Barley var. Goldthorpe. 

Graded: 

: -OG-'O? gm. 

Sown: 

March 3rd, 


1924. Put in solution: March 11th, 1924. Harvested: June 11th, 1924. 

a. Phosphorus present. 

Good growth was made in both solutions, though the plants in the 
more acid one were distinctly more flaccid and less upright, shorter and 
lighter in weight than the others. 

With pH 6*2 solution some increase in height and in green and dry 
weights occurred with silicate, but the differences were not well marked 
and probably were of little significance. The proportion of shoot to root, 
however, was considerably raised by the heavier dose. 

With pH 3*7 solution silicate induced a marked increase in height 
and green weight, but the difference was less marked in the dry weight 
and shoot/root ratio. 

b. Phosphorus absent. 

Growth throughout was very poor,’ only one shoot being formed per 
plant except with the heavier silicate in the pH 6*2 solution, where an 
Ann, Biol, xiv 4 
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Table I. 


Barley data at harvesting. 

Average of five plants in each set.. 




Dry weight 


Height 

Number of 

Shoot 

Root 

Total 

Shoot 

Treatment cm. 

tillers* 

gm. 

gm. 

gm. 

Root 

A. With phosphate, pH 0*2: 






No silicate 8(i 

9 + 5 

1202 

3-03 

15-05 

3-97 

Si-JP 93 

11+5 

12-62 

3-14 

15-76 

4-03 

Si=lP 91 

10+4 

12-69 

2-59 

15-28 

4-90 

B. With phosphate, pH 3-7 : 






No silicate fi4 

11+3 

9-54 

2-27 

11-81 

4-21 

Si=iP 81 

12 + 4 

1018 

2-47 

12-65 

4-13 

Si=lP 81 

11+3 

9*96 

2-22 

12-18 

4-49 

A. Without phosphate, pH (i- 

2: 





No silicate 37 

0+1 

0*302 

0-155 

0-457 

1-95 

Si=lP 54 

1+0 

0-649 

0-239 

0-888 

2-72 

Si=lP 53 

1+2 

1-025 

0-401 

1-426 

2-55 

B. Without phosphate, pH 3- 

7 : 





No silicate 27t 

0+1 

0-147 

0-085 

0-232 

1-73 

Si=lP 27t 

0+1 

0-HK) 

0101 

0-291 

1-88 

Sis IP 33t 

0+1 

0-257 

0-144 

0-401 

1-78 

First figure indicates shoots running up to ear; second figure s^iall non-eanng tillers. 

t Approximately. 






Statistical analysis of total dry weight data. 






Without phosphate^ 



Witii 


^ > 

- 



phosphate 

pH 6-2 

pH 3-7 

Degrees of freedom 


40 


12 

12 

Standard deviation of mean - 

aw 

0-6001 


0 05652 

0-02803 

Standard deviation of difference between 

0-8467 


0-07993 

0-03964 

means =a (nil -m,) 






Difference required for a probability of -05 

1-7100 


0-17425 

0-08642 

»» 

•10 

1-3920 


0-1425 

0-0705 


average of two tillers appeared. In this solution the addition of silicate 
caused distinct increase in the average height, green and dry weight of 
shoot and root, and in the ratio of shoot to root. The extra size of the 
root in comparison with the shoot was very noticeable in all cases in 
which phosphorus was absent. The total dry weight was doubled by 
the lower amount of silicate and tripled by the heavier dose, but even 
so the plants were very small and in no respect like those receiving 
phosphorus. 

With pH 3-7 the beneficial effect of silicatt'. was much less marked, 
the lower amount having little or no effect, though the height and 
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weight were increased somewhat by the heavier amount. In no case 
did the single shoot show any indication of proceeding to develop an ear. 

In this case, therefore, silicate in the presence of phosphate, did 
little or nothing towards improving growth. In the absence of phos- 
phorus considerable increase in dry weight was affected by the silicate 
in a solution of a favourable pH value, though less advantage was 
manifested in a more acid solution. These results suggest that under 
favourable conditions of absorption the silicon had been able to replace 
the missing phosphorus to some slight extent, and later work was directed 
towards the elucidation of this point. 

(c) Statistical notes. 

The statistical significance of the observed differences in mean dry 
weight may be estimated from the variation between replicates as 
follows. From each group of data within which comparisons of yield 
are to be made, a single estimate of the standard deviation of parallels 
is obtained by pooling the variances of all the cultures in the group. 
Thus there were in the whole experiment 10 cultures (each of 5 plants) 
receiving full phosphate supply : the standard deviation of parallels for 
the full phosphate group may thus be based on 40 -- (10 x (5 — 1)) 
degrees of freedom. The standard deviation of the mean of 5 plants, 
am, and of the difference between means of 5 plants, a (wj - mg), are 
calculated from this in the usual way. If the standard deviation had 
been based on a very large population, a difference between means ex- 
ceeding twice the standard deviation of the difference between means 
would occur by chance not more than once in twenty trials (i.e. Proba- 
bility (P) =--■ *05) and would be judged significant. When the number of 
degrees of freedom available for the estimate of the standard deviation 
is smaller we require more than twice the standard de\dation to reach 
the same level of significance. The values of the factor, t, by which the 
standard deviation must be multiplied in order to obtain any given 
level of significance have been tabulated for small numbers of degrees 
of freedom by R. A. Fisher ( 4 ), and his tables have been used for 
these calculations. Values of a (m^ — mg) t ior P ~ *05, i.e, values of 
a difference between means which will not be exceeded by chance more 
than once in twenty trials, are given, along with values of am. and of 
a (m^ — mg) at the bottom of Table I. 

In the case of the culture solutions without phosphate the variation 
between replicates is much greater with the solution of pH 6*2 and the 
standard deviation has been estimated separately for each pH group. 

4—2 
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The method outlined above for indicating the significance of the 
yield results will be used for all the experiments to be described in this 
paper and the values of cr t for a probability of *06 will be 

given for each group within which comparisons are to be made. 

From the figures at the foot of Table I it is clear that the slight 
increase in* mean dry weight due to the addition of silicate to culture 
solutions having full phosphate supply is without significance but that 
the increase due to silicate in the absence of phosphate is fully signi- 
ficant. Moreover the intermediate position occupied by the small dose 
of silicate (Si = leaves no doubt as to the association of increased 
increments of sjilicate with increased increment of yield. 

With regard to the effect of the plants upon the pH value of the 
solution it was found that in the presence of phosphate the pH was 
rapidly changed to a uniform value of about 6-6, whether the original 
value was 3*7 or r)'2. In the absence of phosphorus the pH reached the 
same level of 6*6 when it had originally been 6-2, but strildng variations 
occurred with the more acid solution. In this case where no silicate 
was added the pH changed from 5*8 to 8*6 with different plants during 
the first month, but afterwards the value changed much less and finally 
remained unaltered. With a light dressing of silicate the initial change 
was less marked, the value ranging from 4*8 to 5*9, after which it 
gradually approached the original 3-7, whereas with the heavier silicate 
the initial change was to 6-2, but less alteration occurred later, the final 
readings being from 4-8 to 5*6. Normally growing plants tend to stabilise 
the pH value of nutritive solution somewhat on the acid side of neutral, 
but in the absence of phosphate the normal functioning of the roots did 
not continue for long, and they became gradually less able to alter the 
pH, though with the heavier silicate this change w’^as less marked. 

11. Experiment 2, 1925, 

In this second test, attention was concentrated on work with a single 
solution wdth and without phosphorus, the pH value being modified 
after the addition of silicate by HCl or NaOH to bring it to approxi- 
mately 6*2. A certain latitude was allowed owing to the extreme diffi- 
culty of making exact adjustment at every change, but the general 
range was from pH 5*9 to 6*3, with occasional slight digression above 
or below. The amounts of silicate added were Si = IP, = 2P, = 4P and 
in some cases = 8P, = 16P, with controls without silicate. The sodium 
silicate used in this case was the “C soluble silicate” (Brunner Mond) 
which was found to give the best results in soil cultures in 1924 (see 
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pp. 65, 66). In addition, a series was tested in which a very little phos- 
phorus equal to the amount in ten barley grains (*00641 gm. P2O5) was 
added to each bottle. This represented *0401 of the usual quantity of 
phosphate used in the nutrient solution, i,e. 159*9 mg. PgOg per bottle 
or 266*5 mg. per litre. 

Barley var. Spratt Archer. Graded: *04— 05gm. Sown: March 7th, 
1925. Put into solution: March 17th, 1925. Harvested, 1st half: June 
11th; 2nd half: July 28th, 1925. 

Bottles of 600 c.c. capacity were used, and the solutions were the same 
as the A solutions (sodium chloride being omitted), with and without 
phosphate, in the 1924 experiment, with the addition of a third con- 
taining 6*41 mg. PgOg per bottle. The plants taken off at the first harvest 
had six changes of solution, and those at the second harvest thirteen 
changes. 

At intervals during the course of the experiment quantitative obser- 
vations were made on all the plants Avith a view to obtaining an analysis 
of the effect of phosphate and of silicate upon the yield in terms of their 
effect upon the growth processes of the plant. Measurements were made 
of total height (to the tip of the longest leaf on the main shoot), width 
of leaves, number of tillers, and, in the later stages of growth, height of 
the ear. Development curves were thus obtained for certain aspects of 
growth. A discussion of the results for growth in height will illustrate 
the kind of information obtained by means of this technique. 

(a) Growth in height and leaf development. 

Fig. 1 shows the total height of certain selected cultures at intervals 
up to the time of tlie first harvest. In order to avoid confusion of the 
curves only six of the cultures are represented, showing the growth at 
the three levels of phosphate supply (full, little, none) and the effect 
of sodium silicate at each leveP. For the cultures without silicate the 
curves run together until about the 2()th day when a sharp divergence 
begins. As compared with the full phosphate culture that having a 
little phosphate lags markedly in the middle stages of growth but shows 
a recovery later, during the period of ‘‘shooting.” The lag in the no- 
phosphate culture is still more marked and the recovery both very 
slight and longer delayed. There is in fact an actual decrease in height 
in the middle period owing to the shrivelling of the tips of the leaves. 
The effect of the addition of silicate (Si = 8P) at this low level of phos- 

^ The silicate dressing which produced the maximum effect in each case is chosen for 
representation. 
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phate nutrition is to delay the marked divergence from the full phos- 
phate culture until nearly the 30th day, but thereafter, although the 
advantage in height is maintained, the approximation to the full phos- 
phate curve fails. The period of stationary growth is however shortened 
and the recovery is earlier and more marked than in the absence of 
silicate. 



10 20 30 40 50 60 70 80 

Days from start of experiment 
Fig. 1. Total height of main shoot. 


The addition of silicate (Si = 4P) to the culture having little phos- 
phate, results in a very close approximation to the behaviour of the 
full phosphate culture, the lag having almost disappeared. The effect 
of the addition of silicate to the full phosphate culture is smaller but in 
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Table II. 

Barley, Data at harvest^ 1925. 

Average of five plants in each set. 


Dry weight gms. 


Shoot 


Treatment Shoot Root 'J’otal Root 
With pho8phat(j (159-9 mg. I’jOg per bottle). (Plate V, fig. 2): 


Dry wt. Total 
Ears plant* 


Sigmficant difference 
between means 
a (mj ~ Wji) t for a 
proliability of -06 

^ ^ 

Ears as % 
Total of total 

dry wt. dry wt. 


No silicate 

10-32 

1-39 

11-71 

7-42 

0-.521 

4-00 1 

Si= IP 

10-98 

1-09 

12-07 

0-.50 

0-533 

4-181 

Si= 2P 

11-42 

1-41 

12-83 

8-10 

1-077 

8-22 

Si“ 4P 

11 -.33 

1-70 

13-03 

0-00 

1-270 

974 ] 

No phosphate (Rlat<* V’, 

fig. 1): 





No siheate 

0-2.57 

0-092 

0-.349 

2-79 

0-00.3 

0-89'. 

Si= IP 

0-308 

0-093 

0-401 

.3-31 

0-014 

3-45 

Si= 2P 

0-389 

0-121 

0-510 

3-21 

0-020 

4-71 1 

Si~ 4P 

0-557 

0-152 

0 709 

3-00 

0-050 

7-03 

Si= 8P 

0-723 

0-242 

0-905 

2-99 

0-121 

12-09 

Si = 10P 

0-012 

0-172 

0-784 

3-.50 

0-0.55 

0-45^ 

Little phosphate (fi-41 mg. P^Og 

per bottle): 



No silicate 

2-10 

0-.32 

2-48 

0-75 

0-190 

8-87 1 

Si- IP 

1-00 

0-25 

1-85 

0-40 

0-173 

9-49 [ 

4P 

0 14 

0-89 

7-03 

0-90 

O-OOti 

9-90' 


2*952 


0-870 


2-402 


0-1544 


3-510 


4-425 


* The figures in this column are the means of the values for the five plants in each set. 


Table III. 

Barley, Data at 'Ind harvest, 1925. 

Significant difference 
between means 
a {mi - m^) t for a 
probability of -05 



Dry weight gms. 




Ears as % 


^ 




Shoot 

Dry wt. 

Total Total 

of total 

Treatment 

Shoot 

Root 

Total 

Root 

Ears 

plant* diy wt. 

diy wt. 

With phosphate : 







No siheate 

18-30 

1-80 

20-09 

10-17 

4-10 

17-54 \ 


Si~ IP 

24-27 

2-30 

20-63 

10-28 

6-29 

23-63 4 . 39 Q 

6-72 

Si= 2P 

21-93 

2,37 

24-.30 

9-2.5 

0-13 

24-63 1 


Si= 4P 

20-84 

1-92 

22-70 

10-8.5 

0-49 

28.54 j 


No phosphate : 








No silicate 

0-284 

0-078 

0-362 

3-64 

0 

6 

5-50-. 


Si= IP 

0-439 

0-100 

0-.539 

4-39 

0-060 

10-92 


Si= 2 P 

0-5.58 

0-1.50 

0-708 

3-72 

0-088 

01369 

7 18 

Si= 4P 

0-099 

0-197 

0-89<> 

3-55 

0-153 

16-98 r 


Si= 8 P 

0-871 

0-102 

1-033 

5-.38 

0-294 

28-30 


Si=16P 

0-580 

0-100 

0-680 

5-80 

0-105 

13-64^ 



* The figures in this column are the means of the values for the five plants in each set. 
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the same direction, the improvement in growth being greatest in the 
middle period. 

For the first 40 days of growth height measurements were taken at 
intervals sufficiently close to make possible a calculation of the change 
in rates of growth with time. 

Fig. 2 shows the linear rate of growth in height (centimetres per day) 
for the two cultures with full phosphate (Si = 0 and Si = 4P) and the 
two with no phosphate (Si =0 and Si £= 8P). The two with “little 



Fig. 2. Rate of growth in height as affected by phosphate and by silicate. 

phosphate” are omitted to avoid confusion. Considering first the curve 
for full phosphate without silicate, the first part of the curve represents 
the close of the grand period of growth of the first leaf. The second 
peak of the curve belongs to the second leaf, which now overtakes the 
first leaf and becomes the longest; the third peak is similarly associated 
with the elongation of the third leaf. Owing to the facts that after this 
point younger leaves tend to overlap their predecessors while these are 
still growing appreciably and that individual plants in the set do not 
“ keep step ” quite so well, the grand periods of subsequent leaves become 
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merged, but the two slight peaks at 27*6 days and at 35*5 days correspond 
roughly to the growth of the 4th and 6th leaves. The curve for the 
no-phosphate culture, without silicate, shows, as compared with the 
normal, a progressive shift to the right in its peaks and a progressive 
diminution in general level. The effect of sodium silicate at this level 
of phosphate nutrition is to bring the curve back towards the normal. 
At the level of full phosphate supply the effect is again a shift to the 
left, though the difference is very slight. 

It is quite clear that, beginning with the second leaf, the effect of 
phosphate deficiency is to delay the development of the leaves, while 
the addition of sodium silicate hastens their development. The following 
table, derived from periodic measurements of the lengths of the last 
three leaves on the main shoot, shows the time at which successive leaves 
as they emerged reached the same height as the leaf immediately pre- 
ceding them and demonstrates this effect of phosphate and of silicate 
on the rate of emergence of leaves. 

Table IV. 


Rate of leaf development. 

Days required for succesBive leaves to reach same height as leaf 
immediately preceding them. 




II 

II 


II 

Full phosphate 

100 

19-5 

28-5 

33-75 

40-0 

+Si=4iP 

9-76 

19-25 

26-75 

32-50 

37-75 

Little phosphate 

120 

23-0 

36-0 

43-0 

55-0 

„ +Si~4P 

11-6 

20-6 

28-5 

35-0 

43-0 

No phosphate 

10-75 

23-5 

39-0 

58-0 

67-0 

„ +Si=8P 

10-75 

20-6 

35-5 

48-0 

58-25 


It will be seen that for the stage when the 6th leaf has just become 
the longest leaf the lag in development for ‘‘little phosphate’’ is 16 days, 
and for no phosphate 27 days, these periods being reduced by the addi- 
tion of silicate to 3 days and 18-26 days respectively. 

To simplify discussion, data have been given for one concentration 
of silicate only at each level of phosphate supply: cultures with inter- 
mediate concentrations of silicate occupied intermediate positions for 
each of the aspects of growth considered, with the exception of the no- 
phosphate culture with 16 units of silicate, which was less advanced 
than the culture wuth 8 units and approximated to the culture with 
4 units. (The yield of this cultnre shows a similar behaviour, see Tables 
II and III.) 

The total number of leaves developed on the main shoot averaged 
ten and no consistent difference in total number as between plants with 
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and without phosphate could be established. The marked effect of 
silicate and of phosphate upon the time at which successive leaves 
emerge is thus accompanied by a similar effect upon the development 
of the final meristem of the main shoot, that is the ear. Developmental 
stages tend to be somewhat telescoped in the later stages of growth of 
the more backward plants, so that the lag in ear development is not as 
great (measured in days) as the lag in development of the 6th leaf. It 
is however very well marked and of considerable importance. At any 
one time a rough measure of the developmental stage reached by 
different plants may be obtained from the height of the “shoot” (com- 
bined leaf sheaths) relative to the total height, or of the height of the 
ear swelling within the “shoot” relative to the height of the “shoot.” 
Data for the relative height of the ear in the main shoot for all cultures 
are given in Table V for a date just before the first harvest. 

Table V. 

Height of ear relative to total 

Full phosphate Si= 0 

Si=r 1 
Si^ 2 
Si— 4 

Little phosphate Si:= 0 
Si= 1 
Si= 4 

No phosphate Si= 0 

Si= 1 
Si= 2 
Si= 4 
Si= 8 
Si^lG 

Subsequent measurements of the rate of emergence of the ears from 
the leaf sheath placed the cultures in exactly the same order. In the 
case of cultures without phosphate and with only small amounts of 
silibate the ears did not emerge above the last leaf sheath but protruded 
laterally through the slit in the sheath. 

So far attention has been directed to the time relations of growth, 
and in particular of leaf development. The size of individual leaves is 
also affected by silicate and phosphate so that these substances increase 
the leaf area of the plant both by increasing the rate at which successive 
leaves emerge and by increasing the area of individual leaves. The 
following data for the width of the topmost fully unrolled leaf on 
May 14th, after 68 days’ growth will illustrate this effect. 


height, Jwne 1th, 82 days from start. 

77*6% 

86*4 
87*6 
91*6 
75*6 
73*7 
86*0 
700 
70*6 
71*6 
73*0 
77*9 
71*7 


Height uf ear is measured to 
middle of ear swelling. 
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Leaf luidth. 

Unite 


Si= 

0 

1 

2 

4 

8 

16 


cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

Fall phosphate 

1-22 

1-36 

1*36 

1*41 





Little phosphate 

0-89 

0-86 

— 

1*16 

— 


No phosphate 

0-568 

0*640 

0*608 

0*720 

0*720 

0-770 


(6) Tillering. 

In view of the marked efiEect of phosphate and of silicate on the 
activity of leaf and ear meristems in the main shoot it is not surprising 
to find the initiation of tillers similarly affected. While, however, in 
the case of leaves and ears of the main shoot, the total number formed 
was not affected, in the case of tillering the number of meristems de- 
veloped is markedly affected and results in considerable differences in 
total size of plants. 

Table VI gives the number of side tillers per plant, for the six cultures 
previously considered, at intervals up to the time of the first harvest. 

Table VI. 

Tillers per plant {average of 6 plants). 

Days from start 1st harvest. 

f ^ Side tillers 



21 23 

26 

29 

34 

37 

41 

48 

58 

64 

82 

86 

with ears 

Full phosphate; 
Si=0 0-2 0-7 

1*3 

2*2 

3-3 

4-1 

5-2 

6-2 

8-0 

9*0 

8*9 

8-8 

7-4 

Si =4 

0-8 1*0 

1*9 

2*3 

4-3 

5*5 

7-2 

8-7 

11-0 

10-5 

8*8 

8-4 

7-6 

Little phosphate: 
Si=0 0-0 0-0 

0-0 

0*0 

0-2 

0-2 

0-3 

0*8 

1-8 

1-2 

1-2 

1*25 

0-6 

Si =4 

0*0 0*6 

1*3 

1-8 

3-2 

3-6 

4-0 

4*5 

5*0 

50 

4-4 

4-0 

3-6 

No phosphate : 

Si=0 0-0 00 

0-0 

0*0 

0-0 

0-0 

0-0 

0*0 

0-0 

0*0 

0*0 

0*0 

0-0 

Si =8 

00 0-0 

0-0 

0*2 

0-2 

0-3 

0*3 

0*2 

0*1 

0*0 

0*0 

0*0 

0-0 


The similarity of the effect of phosphate and of silicate upon rate of 
tillering and number of tillers developed is evident from the table. What 
is even more marked is the close association between the level of phos- 
phate supply and the effect of the silicate. Some tillering is indeed 
induced by the addition of silicate to cultures without phosphate but 
the tillers die and the effect is very slight. In the presence of little 
phosphate however, not only does tillering begin eleven days earlier but 
many more tillers are formed and most of them produce ears. With 
full phosphate tillering again begins earlier in the presence of silicate 
and the total number formed is increased. By the time of the first 
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harvest, the number is reduced, by the death of some, to the same level 
for both cultures. This number represents in the case of the silicate 
culture older and more advanced tillers. The average number of side 
tillers which produced ears was 7*5, a tiller number reached in the case 
of the silicate culture at 42 days, but reached in the case of the culture 
without silicate at about 54 days. The ears in the side tillers are in 
consequence further developed in the silicate cultures, and there- 
fore, although at the first harvest the total number of ears is about 
the same for both cultures, yet the dry weight of the ears relative to 
the dry weight of the plant is more than doubled for the silicate culture 
(see Table II, p. 55). By the time of the second harvest most of the 
ears have reached maturity and the relative difference in ear weight 
between cultures with and without silicate is smaller though it remains 
in the same direction as before (Table II, p. 65). 

The significance of the differences in total dry weight between 
different cultures will be discussed subsequently. It will be convenient 
however to conclude the discussion of the effect of silicate and of phos- 
phate upon growth by considering the yield of grain. 


Table VII. 
2nd harvest. 


Full phosphate (no Si) 

Dr> weight 
of grain 
gm. 

2-358 

Grains 
per ear 

7-2 

Fertile 

o/ 

/o 

28-8 

Mean dry 
weight of 
single grain 
mg. 

32-75 


Sis IP 

3779 

1014 

38-3 

33-22 

9f 

Si= 2P 

3917 

9-70 

37-3 

35-40 

n 

Si= 4P 

4-167 

12-82 

47-1 

33-17 

No phosphate 

(no Si) 

0-0 

0-0 

— 

— 

»> 

Si= IP 

0-0 

0-0 

— 

— 

9t 

Si= 2P 

0-0062 

0-2 

— 

31-00 

99 

Si= 4P 

0-0477 

1-4 

— 

34-07 

99 

Si~ 8P 

0*1882 

10-8 

— 

1500 

99 

Si=16P 

0*0288 

3-6 


7-70 


Grain weight: significant difference between means for Full phosphate = 1-068; for No 
phosphate =0*1732. 

The improvement effected by silicate in rate of ear development is 
here apparent finally in yield per ear, an effect due mainly to an increase 
in the number of fertile grains, the mean grain weight being, except in 
the case of the no-phosphate cultures, relatively unaffected. 

The emergence of the ears was adversely affected by the absence of 
phosphorus, as they tended to emerge sideways from the sheath, re- 
maining partially enclosed at the upper end until cut. Gradual improve- 
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ment occurred in this respect with increasing amounts of silicate, till 
with Si = 8P normal emergence was attained. Another marked ten- 
dency throughout was for the grain to ripen oflE without filling out 
properly, this again being improved by silicate. 

So far, therefore, as concerns behaviour during growth the effects 
of phosphate and silicate are strikingly similar in type. The effect of 
the silicate is however quite definitely a function of the level of phos- 
phate nutrition and, especially as concerns tillering, is relatively very 
small in the absence of phosphate from the solution. 

(c) Yield. 

The mean dry weights of the plants are given in Tables II and III, 
and the statistical significance of the differences in total dry weight may 
be judged from the last two columns which give the value of the differ- 
ence between means which would not be exceeded by chance more than 
once in twenty trials. The effect of the silicate at each level of phosphate 
nutrition is as follows : 

Complete phosphate. harvest. 

There is no significant increase in mean dry weight due to silicate 
either for individual sets or for the average of all the sets with silicate, 
but the well-marked increase, with increasing silicate, of ear weight as 
a percentage of the total weight is quite significant. 

2nd harvest. 

Here the culture with Si = IP is significantly superior in dry weight 
to that without silicate but it cannot be distinguished from the other 
silicate cultures. The average of the silicate cultures is significantly 
greater than the no-silicate culture. Yield of grain moreover shows a 
significant increase with increasing silicate (see Table VII). 

Little phosphate. 

The yield for Si = IP is undoubtedly anomalous in being lower than 
for Si = OP, but the two yields do not differ by a significant amount 
and no importance can be attached to the apparent anomaly. The 
striking increase with Si ^ 4P is quite significant. 

No phosphate. 

For both harvests. In the series of increasing silicate concentrations 
the yields increase up to Si = 8P and then fall, and with the exception 
of Si = IP in the 1st harvest each step in the silicate series brings about 
a significant difference in yield. The depression in yield with Si = 16P 
is quite significant. 
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It will be seen that the actual increments in 3rield due to addition 
of the same amount of silicate, e.g. Si s 4P, are very small in the absence 
of phosphate (4- ’360 and + ‘634), much greater in the presence of a 
little phosphate (-h 4*551) and still appreciable though less definitely 
significant in the presence of full phosphate (4- 1-32 and 4- 2*67). There 
is obviously no question of the replacement of phosphorus by silicon, 
but clearly the use that can be made of the phosphorus presented to 
the plant is affected by the addition of silicate. 

(d) Uptake of , of SiO^ and of aeh. 

The PgOg and ash contents of the water culture plants from the first 
harvest are given in Table VIII. On account of the small weight of 
material available from the no-phosphate series the sets were bulked in 
pairs so as to have 3 samples in the series of increasing silicate concen- 
trations. 

Ash content. The ash content increases in every case with increasing 
silicate concentration, the increase being most marked in the roots. 
The large increase here may be partly due to silica adhering to the roots 
though great care was taken in washing them. The increase in ash 
content does not however contribute very greatly to the increase in 
dry weight of plants with addition of silicate as is showm by the figures 
for the ash-free dry weight. 

Silica. The silica content of the roots was not determined owing to 
the doubt concerning silicate adhering to the root surface. In the shoots 
the SiOg content increases more than 10 times with the addition of 
Si = 4P, but again contributes very little to the increase in dry weight. 

P2O5 cov^ent. It will be seen that in spite of the fact that A.R. 
chemicals were used for the culture solutions, yet in the no-phosphate 
set the plants contain more PgOg than was contained in the grain. The 
amounts concerned are very small and very slight impurity in the A.R. 
chemicals would account for the results. A test for phosphorus in the 
sodium silicate revealed no trace of that element and moreover evidence 
from the PgOg content of the plants suggests that the effect of the addition 
of silicate upon the plants cannot be due to traces of PgOg in the silicate. 
For, in the case of the little phosphate culture the addition of Si = 4P 
results in an increased PjOg uptake of 8*865 mg. while with the no- 
phosphate culture the increased uptake of PgOg for Si = 3P (Si = 2P 
and s 4P bulked) over Si = \P (Si == OP and = IP bulked) is only 
0*239 mg. and that for Si = 12P (Si =8P and = 16P bulked) is only 
1*078 mg. If the PgOj were being supplied with the silicate the increase 
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in P2O5 uptake with addition of silicate should be greater with the 
cultures originally containing the smaller amount of phosphate. 

With the no-phosphate solution therefore one is not working with 
zero concentration of phosphate, but with a very low concentration 
approaching zero^ In the solutions deficient in phosphate the effect of 
the addition of silicate is a progressive increase in uptake of PgOg . With 
the full phosphate solution however, the PgOg content is decreased by 
the addition of silicate. The percentage of PgOg both in dry weight and 
in ash content decreases with the addition of silicate. Calculated on 
ash free dry weight this decrease is smaller but still evident, i.c. the 
increase in ash free dry weight per plant due to the addition of silicate 
is greater than the increase in PgOg per plant and from the point of view 
of dry weight production the P2O5 in the plant must be regarded as 
increasing in efficiency as silicate is added. The same feature, an increase 
in ash free dry weight greater than the increase in PgOg content, is 
however found in the series of increasing PgOg supply, the plants in the 
full phosphate solution having the lowest percentage. In this 
respect the addition of silicate behaves like an increase in phosphate 
supply and the effect might be regarded as due to an increased avail- 
ability to the plant of the phosphate already present in the solution. 
That there is an effect of this kind seems probable from other work, 
but the case of the full phosphate solution where, although the dry 
weight of ears is markedly increased by silicate yet the PgOg content is 
reduced, suggests that the presence of silica does increase also the 
efficiency of the PgOg within the plant. 

Only a study of the P2O5 distribution in the plant and the changes 
in this distribution with time can clear up this question, but it may be 
suggested that the silica might act within the plant by unlocking phos- 
phate from relatively quiescent parts of the plant and enabling it to be 
transferred to regions where assimilation and growth are active. 


* An approximate estimate of the concentration in the no-phosphatc solution 
may be obtained from the three points on the curve reltitmg yield to PjOj supplied (other- 
wise than as impurity). The P^O^ supplied in mg. per bottle is 0, b41, 159-9, the yields 
are -349, 2-48, 11*41. Solving the following equation for yield 

yield = 

where P is mg. PjOs supplied and p is mg. PjOs present as impurity (and m the seed) 
we have ifc, =0*0703, iks= 2*4215, p =0*8664. The total weight of nutnent salts per bottle 
in the no-phosphate solution was 1*464 gm. so that an impurity of less than *059 pei cent. 



( 


•8664 X 10*\ 
1-464 xlOV 


would account for the leaulte. 



Table VIII. 

Water cultures, 1924 and 1925. 

P 2 O 5 content, Ash content, and Silica cmtent of plants. 
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C. Fertilising Value of Sodium Silicate in Soil Cultures. 

With a view to determining whether sodium silicate might be used 
instead of or in partial replacement of other artificial fertilisers, pot 
culture experiments were carried out in 1924 and 1925 with various 
combinations of silicates and manures. In 1924 two soluble silicates, 
C and M, and one insoluble glass silicate, M, were tested against controls 
without silicate for each manurial combination. The silicate was applied 
in quantities bearing the same proportion to the manures used as was 
the case in field experiments on the farm and provided silicon equivalent 
to five times the phosphorus in the 5 gm. superj)hosphate applied per 
pot. Nitrogen was supplied as sulphate of ammonia or dried blood, 
phosphorus as superphosphate or gafsa phosphate, and a test with dung 
was included. Rothamsted heavy loam was used, with the admixture 
of 10 per cent, sand to lighten it somewhat, and barley and mustard 
were grown at different seasons. 

I. Series L 

(a) Barley. Goldthorpe. 

Sown: Feb. 15th. 1924. Harvested: July 23rd, 1921. 

The influence of silicate was not very marked during growth, though 
certain differences were shown by the dry weights. 


Table IX. 

Dry weights of barley. 


Avcra«(* of four pots of three plants in each set. 

No C soluble M soluble M glass 


Sipificant 

difference 


silicate silicate silicate silicate in dry wt. 

A.. — ^ , — A — — / — (total shoot) 



Ears 

3otnl 

Shoot 

Kars 

Total 

Shoot 

Ears 

Total 

Shoot 

Ears 

Total 

Shoot 

a {mi - Ttu) i 
for a proba- 

Manures 

grn. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

bility of *05 

1. S/A, Super, KjSOi 

;io-53 

00-48 

35-80 

698 

,35 2 

685 

31-8 

62-0 

6-325 

2. Blood, Super and 

32-81 

03-11) 

33 7 

1)0 0 

30 5 

704 

33-2 

65-9 

4-840 


3. Super, K^SO* 

20-74 

45-24 

24 8 

510 

21-9 

48-2 

212 

48-0 

4-170 

4. S/A, K,S 04 

:io-ii 

59-81 

32 5 

638 

31 -9 

632 

31-5 

62 35 

2-203 

5. S/A, Super 

.32-48 

03-00 

34-0 

0.)-9 

.30 5 

08-5 

32 9 

63-1 

6-050 

6. S/A, Gafsa and 

28-17 

58-07 

32-6 

03-9 

:i2-4 

U-i 

30-2 

59 5 

7*120 

K|SOj 

7. Dung 

.30-08 

02-90 

.31-1 

03-0 

28-0 

59-8 

20-16 

56 62 

4-280 

8. No manure 

19-81 

43-31 

22-0 

489 

21 77 

48 02 

19-16 

42-18 

2-050 


Mean 57*15 


61-685 

61-371 87-465 1-610 

Average for whole experiment 4-580 


Ann. Biol, xiv 
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The level of significance for each type of basal manuring is given in 
the last column of Table IX and in the columns for the three silicate 
manures, yields which differ significantly from the corresponding control 
are in heavy type. In the first column, for yield in absence of silicate, 
yields differing significantly from the yield for complete manure (No. 1) 
are in italics. The only basal manurings differing in yield from the 
complete manure are “no nitrogen” (No. 3) and “no manure” (No. 8), 
other variations in manuring being without effect. In the case of the 
“no manure” set the yield is increased by both the soluble silicates, 
the difference between no manure and complete being reduced by about 
30 per cent. Much the same increase with silicate occurs in the no- 
nitrogen set, though here owing to the greater variation of parallel pots, 
only the increase due to the C soluble silicate is of undoubted significance. 

For the other types of basal manuring we have a significant increase 
with all three silicates for the no-phosphate series (No. 4) and an increase 
with the soluble silicates for the no-potash series (No. 5): the latter 
increase is not however significant. The greatest increase is that given 
by the two soluble silicates in the presence of complete manure and is 
undoubtedly significant. On the wdiole the increases in yield are as 
marked with the more complete manures as with the deficient manures 
(with the exception of dung where the M glass silicate produces a signi- 
ficant depression). Averaging all the results the two soluble silicates 
produce a significant increase in yield of 7’8 per cent, while the M glass 
silicate is without effect. The proportion of dry matter in green was 
not affected by the soluble silicates but had a tendency to be higher 
with M glass silicate, especially in the absence of potash. 

(6) Mustard, 

Sown: Aug. 13th, 1924. Harvested: Nov. 13th, 1924. 

Table X. 

Average of four pots of three plants in each sot. 

Significant 
difference in 



No 

Hilicate 
Diy wt. 
gm. 

C soluble 
silie-ate 
Diy wt. 
gm. 

M soluble 
silicate 
Dry wt. 
gm. 

M glass 
silicate 
Dry wt. 
gm. 

dry wt. 
a -vru) t 

for a proba- 
bility of -05 

1. S/A, Super, K^SOu 

2. Blood, Super, and K3SO4 

3. Super, K,S04 

4. S/A, 

23-98 

22-48 

24-28 

22-24 

2-99 

19-53 

23-13 

20-08 

20-58 

2-20 

5-43 

5-49 

5-08 

4-98 

0-68 

24-88 

20-90 

12-95 

15-45 

6-28 

6. S/A, Super 

20-05 

23-15 

22-58 

22-03 

3-42 

6. S/A, Gafsa, and K,S04 

20-32 

20-83 

17-95 

18-39 

4-21 

7. Dung 

0-03 

5-fir> 

6-10 

6*25 

1*154 

8. No manure 

5-05 

7-28 

6-46 

5-63 

1-145 

Mean 

14-41 

16-12 14-31 14-44 1*081 

Average for whole experiment 3*065 
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As before, jdelds with silicate differing significantly from the yields 
of the corresponding control (Table X) are in heavy type, and yields 
without silicate differing significantly from the complete manure (No. 1) 
are in italics. Those under which there is a broken line show differences 
(from their control) for which P (Probability) lies between *05 and -10. 

In marked contrast to the results with barley on the same soil all 
manurings other than the complete (No. 1) give significantly lower 
yields, and it is only upon these deficient manurings and not at all upon 
the complete manuring that silicate has any effect, and then only the 
C soluble form is effective. The manurings which show a response to 
this silicate are “no manure” (No. 8), where the increase is quite small 
but significant, “no superphosphate” (No. 4), where the increase is 
considerable and probably though not certainly significant, no potash 
(No. 5), where the increase is small and of doubtful significance, and 
dried blood (No. 2), where the increase is small but significant. So far 
as they go the results with mustard are consistent with the theory of a 
replacement of phosphate and possibly of potash manures by silicate. 

Considering the results from both crops it is evident that the soluble 
silicates were the more active, especially the C soluble form, and that 
they tended to cause increase in dry weight with deficient mineral 
manuring, especially phosphorus, and occasionally benefit occurred even 
with complete manuring. 

II. SericH 11. 

As silicates had proved capable of partially replacing phosphorus, 
and possibly potash, in artificial fertilisers, an attempt was made in 1925 
to determine whether such replacement could be made economically, 
and the proportion of silicate required for the purpose. In order to give 
the sodium silicate full play special Cheshire soil was obtained, deficient 
in phosphate, potash and lime. The lime deficiency was corrected by 
the addition of sufficient calcium carbonate to bring the pH value of 
the soil to about 7’0. The unit of silicate applied was that containing 
as much silicon as is equivalent to the phosphorus in 5 gm. 15*93 per 
cent, superphosphate. This unit was adopted for convenience, as the 
complete fertiliser applied to each pot containing 21 lbs. soil consisted of 

5 gm 15-93 per cent. Super. 

2 gm K2SO4 

2-5 gm S/A 

The range of silicate tested was 

Si = OP, = IP, = 2P, = 4P, = 8P, = 16P. 


«>— '2 
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The actual quantitieR of the 0 soluble silicate applied per pot were 
therefore 

OP, none; = IP, 1*324 gm.; = 2P, 2*648 gm.; = 4P, 6*296 gm.; 

= 8P, 10*692 gm.; = 16P, 2M84 gm. 

The addition of so much silicate had a considerable effect on the pH 
value of the soil, and had this not been compensated for, it would have 
been impossible to estimate how far the results were influenced by 
varying alkalinity. Sufficient hydrochloric acid was therefore added to 
neutralise the silicate in each case. To ensure adequate distribution the 
silicate for each pot was mixed with a small quantity of dried soil, the 
acid (made up to a standard quantity throughout to avoid affecting the 
w^ater content) was pipetted over and the whole thoroughly incorporated. 
This was then sprinkled over the bulk of the soil, with the requisite 
manure, and all well mixed together. In this way it is hoped that the 
formation of acid and alkaline “ pockets ’ in the pots was avoided, and 
a uniform distribution of silicate and fertilisers obtained. 

(a) Barley, SpraU Archer, 

Seed graded: •04-06gm. Seed sown: March 13th, 1925. Harvested: 
July 31st, 1926. 

The manurial scheme was: 

1, No manure. 

2, 2*6 gm. S/A, 2 gm. KgSO^. 

3. 2*6 gm. S/A, 2 gm. K2SO4, *0241 gm. Super. 

4. 2*6 gm. S/A — 6 gm. Super. 

6. 2*6gm. S/A, 2gm. K2SO4, 5 gm. Super. 

(a) Growth arid maturity. During the growth the most noticeable 
feature was the general, though not universal, improvement with in- 
creasing doses of silicate. This was particularly striking, and somewhat 
unexpected, with the unmanured plants, which reached a development 
with heavy dressings of silicate approximating to that of plants receiving 
nitrogen and potash in addition. At the time of harvesting all plants 
receiving phosphate, with or without potash, were nearly dead ripe,^ 
irrespective of the silicate dressing. With N and K, but no P, maturity 
was much less advanced, but improved with increasing silicate, though 
even with Si = 16P much green colour was still observable in leaves and 
ears. With no manure at all, i,e, in absence of N and K as well as P, 
all plants were a little riper than those receiving N and K, and again 
ripeness increased with silicate. 
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Silicate, therefore, acted in the same sense as phosphate, in hastening 
maturity, although even with the heaviest dressing it was less effective 
in that respect than a single dose of 5 gm. superphosphate. 

(j3) Discussion of dry weights. 

Table XL 

Barley. Total plant. Dry weight. 

Average of four pota of throe plants in oaoh set. 


Significant 
difference 
a(m| -w,)/ 



S 

i =0P 

=1P 

=2P 

=4P 

=8P 

=16P 

for a proba- 



gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

bility of *05 

1. 

No manui'c* 

17-.341 

22*699 

2M79 

24*653 

29*570 

30*609 

5*55 

2. 

N+K (no P) 

30*e05 

30*249 

32*932 

29*719 

31*437 

32*574 

3*07 

3. 

N ■+ little P 

29*569 

29*019 

31*092 

31*300 

30*604 

33*005 

4*17 

4. 

N+P(noK) 

34*854 

41*961 

45-838 

47*065 

47*240 

51*807 

5*51 

5. 

N+K-hP 

48*490 

49*078 

50*088 

49*118 

50*139 

54*776 

4*27 


Average for whole experiment 4*435 

Table XII. 


Barley. Ears. Dry weight. 


Si 

^OP 

=1P 

r=2P 

=4P 

^8P 

= 16P 


gm. 

gin. 

gm. 

gm. 

gm. 

gm. 

1. No manuiY' 

7*459 

10*716 

9:U2 

11*462 

14*552 

14*103 

2. N + K (no P) 

12*366 

12*271 

13*478 

12*750 

13*741 

14*303 

3. N+K+little P 

12*149 

11*065 

13*5<12 

13*258 

13*573 

14*578 

4. N + P(noK) 

16 984 

21*104 

23*972 

23*935 

23*093 

22*994 

5. N+K+P 

23*390 

24*268 

24*092 

22*730 

23*175 

22*021 


Table XIII. 


Barley. Grain. Dry weight. 

Significant 
difference 
a - mj) t 



Si 

=0P 

= 1P 

=2P 

=4P 

=8P 

=16P 

for a proba- 



gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

bility of *05 

1. 

No manure 

5721 

9*123 

7*449 

9*110 

11*668 

11*296 

2*64 

2. 

N + K (no P) 

9*996 

9*467 

10*469 

10*309 

10*648 

11*646 

1*76 

3. 

N+K+littleP 

9*583 

8*462 

10*959 

10*064 

10*874 

11*667 

1*89 

4. 

N + P(noK) 

13*555 

17*093 

20*151 

19*275 

18*744 

18*252 

3*315 

5. 

N+K+P 

18*904 

20*001 

19*474 

18*780 

19*000 

17*731 

3*095 


Average for whole experiment 2*498 


With barley, on the light Cheshire soil, deficient in available phos- 
phorus and potash, silicate failed to bring about any appreciable im- 
provement when phosphorus was omitted from the manure, and it was 
therefore not replacing the phosphorus per se nor unlocking stores of 
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phosphorus in the soil and rendering them available as plant food 
(Table XI). The large increase with silicate when potash was omitted 
suggests that the sodium silicate was either replacing or unlocking 
potash (Plate V, fig. 3). The presence of the base sodium as well as 
silicon renders it impossible to determine which of the elements was the 
active agent, or whether the compound as such was effective. It is 
conceivable that the sodium might have functioned as potassium in the 
economy of the plant or that it might have replaced potassium in soil 
compounds, thus freeing the latter element and rendering it available 
for use. On the other hand, the silicon may have played some part in 
plant nutrition or soil conditions for which no explanation can be offered. 
The heavy increase with silicate in the absence of any other fertiliser 
is noteworthy, as the Si = 16P was as effective as a dressing of N and K, 
and nearly as much so as N + P, and it is difficult to formulate a reason 
for so marked a beneficial action. Unfortunately owing to limitations 
of space no tests were made with K and P in the absence of nitrogen, 
so no information is available as to the need of the soil for nitrogenous 
manuring. 

In view of the marked effect, noted in the water culture experiments, 
of silicate upon ear formation and on the percentage of fertile florets a 
carefxil examination of all the ears of the plants in tins experiment was 
made (Tables XII and XIII). It will be convenient to summarise the 
results in two tables showing (1) the average effect of silicate irrespective 
of other manuring (Table XIV), (2) the average effect of other manuring 
irrespective of silicate (Table XV). 

Table XIV. 


A. Effect of silicate dressing. 


Si 

=0P 

=1P 

= 2P 

=4P 

=8P 

= 16P 

Ears per pot 

14-95 

16-77 

17*39 

16-95 

17*60 

18-06 

Florets per ear 

29-46 

29-66 

27*50 

28-46 

28*88 

29*12 

Fertile florets (%) 

82-24 

81-82 

81-74 

77-86 

77*08 

72*12 

Average grain wt., mg. 

30-43 

32-80 

33-89 

35*41 

36*33 

37-62 


Table XV. 


B. Effect of basal manuring. 



No manure 

NoP 

Little P 

NoK 

Complete 

Ears per pot 

11-93 

14-24 

13-97 

21-78 

21-92 

Florets per ear 

28-53 

28*14 

28-23 

29*62 

29*80 

Fertile florets (%) 

78-97 

81-02 

82-58 

76-73 

74-68 

Average grain wt., 

mg. 33-16 

31-78 

31-60 

36*40 

39-16 
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The major effect of silicate dressing and of variation in basal manuring 
is on the number of ears per pot; upon the average number of florets 
per ear neither has much effect but both again affect the percentage of 
fertile florets, which decreases with increased silicate and with the 
addition of superphosphate and potash. This decrease runs parallel 
with the increase in the number of ears and reduces the grain yield 
below w^hat would be expected from the increase in ear number. A further 
compensation, however, is found in the average weight of grain, which 
is affected by both silicate and the other manures in exactly the opposite 
direction to percentage fertility. 

Taking the two basal manures which showed the greatest response 
to silicate dressings, no manure (Table XVI) and no potash, the major 
part of the increase in grain yield with increasing silicate can be ascribed 
to an increased number of ears per plant, while the effects upon per- 
centage of fertile florets and upon average grain weight are smaller and 
tend to counterbalance one another. 


Table XVI. 

Effect of silicate in j)res€nc^ of no manure. 


Si 

=IP 

=2P 

=4P 

=8P 

3l6P 

No. of ears 9*25 

113 

11*7 

12*25 

12*75 

14*25 

Florets fertile (%) 82*5 

7G*0 

80*0 

86*3 

74*7 

80*0 

Average grain wt., mg. 27*9 

33*4 

32*1 

34*3 

34*8 

36*3 

Grain yield, gm. 5-72 

9*12 

7*45 

9*11 

11*07 

11*30 

Effect of silicate in 

'presence of 

no potash. 


No. of ears 17*o 

20*75 

21*50 

23*25 

22*75 

25*00 

Florets fertile (%) 79*9 

82*9 

85*00 

74*3 

74*2 

64*1 

Average grain wt., mg. 31*4 

33*9 

36*9 

37*7 

38*1 

40 4 

Grain yield, gm. 13*55 

17*09 

20*15 

19*28 

18*74 

18*25 

Thus the results for 

})ot cultures differ considerably from those for 


water cultures, where the main effect of silicate upon yield of grain lay 
in an increase in number of fertile grains and not at all in increased 
number of ears or increased grain weight. Comparison between the two 
sets of conditions is however difficult, and as regards percentage of 
fertile grain it is clear that the conditions were very different, since the 
percentage fertility ranges from 28 to 47 per cent, in the case of the 
water cultures and from 64 to 88 per cent, in the pot cultures. The very 
small effect of silicate in the absence of superphosphate, an effect more- 
over revealed also by the analysis of the grain yields, is also surprising. 
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(b) Musto/ri,, Brassica alba. 

Seed sown: Aug. 20th, 1926. Harvested: Nov. 24th, 1926. 

This was a repetition of the last described barley experiment with 
the addition of sets containing two intermediate quantities of super- 
phosphate, to determine the effect of silicate in the presence of various 
smaller amounts of phosphate than that normally applied. 

(a) Growth aid development. As with barley, the plants showed a 
very general improvement with increasing doses of silicate, except that 
in several cases a depression was noticed on the addition of Si = IP 
and = 16P. A curious point was the sudden improvement with Si = IP 
when no manure was applied, the plants forging ahead of those receiving 
N and K with superphosphate up to 0-2 mg. per pot. This was not 
observed with any other dressing of silicate. Owing to the lateness of 
the season the flowering stage was not reached, but buds were formed 
in the sets receiving full dressing of P and N with and without K. After 
about two months’ growth brownish patches appeared on the edges of 
all manured sets receiving no K, irrespective of the silicate dressing, 
and occasionally slight browning of the edges occurred with full manure 
or that providing 1 gin. super. The injury, once manifest, did not spread 
so as to involve more of the leaves, and was thus less noticeable when 
the plants were harvested than earlier in their development. Slight 
aphid attack developed once or twice, but was checked by spraying 
with soft soap and very little nicotine. The time of harvesting was 
decided by the fact that the lower leaves of most plants began to turn 
yellow and fall off, owing to the lateness of the season. All plants when 
cut were still green and healthy and actively growing, 

(jS) Discussion of dry weights. 

Table XVII. 

Mustard Total plant. Dry weight. 


Average of four pots of three plants in each set. 


s 

!i =0P 

=\P 

=2P 

=4P 

=8? 

=16P 

Significant 

difference 

for a proba- 

Variance of 
parallels 
(means of 


gm. 

gin. 

gm. 


gm. 

gm. 

bility of -05 

4 pots) 

1. No manure 

5-428 


7-740 

8-^450 

10*108 

11-675 

2-23 

0-5631 

2. N+K(noP) 

6-523 

5-448 

8-475 

9150 

12-218 

15-408 

3-68 

1-5303 

X N-fK+00241 gm. Super 

7-023 

5-625 

9-303 

11-810 

13-845 

11-740 

*4-35 

2-1405 

4. N + K -|-0*2 gm. Super 

8-970 

7-598 

10-23:1 

11-383 

13-525 

11-573 

3-84 

1-6725 

5. N+Kf 1*0 gin. Super 

14-593 

12-7<W 

16-433 

18-465 

23-253 

20-475 

6-(U 

2-8747 

6. N-^K^ 5‘Ogm. .Su]M*r 

27-tm) 

24-195 

27-065 

23-2{)3 

29-580 

27-495 

5-85 

3-8715 

7. N+P (no 

22-243 

24-ri58 

26-538 

25-243 

28-813 

25-553 

5-16 

3-0173 





Average for whole Dxi)eriinei)t 

4-24 

2-2421 
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It has already been shown that with barley the omission of either 
potash or phosphorus from a complete manure (without silicate) had 
a very similar effect in depressing the dry weight, the absence of P being 
a little more harmful. With mustard, on the same light Cheshire soil, 
the omission of phosphorus vitiated the beneficial action of the added 
N and K, so that the dry weight rose very little above that when no 
manure at all was added. With increase in the phosphate supplied a 
gradual improvement in dry weight set in. The addition of silicate 
brought about a greater increase of dry weight with deficient phosphorus 
than with deficient potash, suggesting that in this case the silicate is 
either releasing some of the phosphorus locked in the soil, or that the 
silicon is partially replacing phosphate (Plate V, fig. 4). With mustard, 
as with barley, the considerable increase with silicate in the absence of 
any other fertiliser is noteworthy, the addition of Si = 16P being as 
effective as a dressing of N and K with some amount of superphosphate 
between 0-2 and 1-0 gm. per pot. 

Comparison may be made of the effect of silicate on the heavy un- 
limed Rothamsted soil and the light limed Cheshire soil in which the 
alkalinity induced by the silicate was rectified by the addition of hydro- 
chloric acid. With barley on both soils silicate was beneficial in differing 
degrees in the absence of manure and also with complete fertilisers. In 
the absence of potash, however, silicate was less beneficial on the 
Rothamsted soil than on the Cheshire type, whereas in the absence of 
phosphorus it did cause a slight improvement, the difference in the 
potash and phosphonis needs of the two soils being probably sufficient 
to explain this variation. With mustard the results were similar on 
both soils, except that as the Rothamsted soil was initially less deficient 
in phosphorus the extreme depression in its absence from a mixed 
manure was less evident. 

(y) Statistical cmsideration of results. The general similarity of the 
effect of silicate and of phosphate upon yield is clear from the figures in 
the table. The series of increasing doses of superphosphate was intro- 
duced in the hope of enabling one to characterise more precisely the 
type of interaction between silicate and phosphate that is involved. 
From the point of view of the 3 deld-factor relationship (ii) two simple 
alternatives present themselves: (1) the addition of unit amount of 
silicate is equivalent to the addition of a fixed amount of superphosphate, 
(2) the addition of unit amount of silicate is equivalent to increasing the 
amoimt of superphosphate already present in a fixed ratio. In the first 
case we might suppose that unit amount of silicate could replace so much 
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phosphorus within the plant or could set free from the soil so much 
phosphate. In the second case we might suppose that the efficiency of 
the phosphorus within the plant was increased in a fixed ratio by the 
presence of so much silicate or that the fraction of the total super- 
phosphate supply which is available to the plant is similarly increased 
in a fixed ratio. 

On the first supposition the silicate effect might be described in 
terms of “equivalent increments of superphosphate,” on the second it 
would be described in terms of “relative efficiency of superphosphate.” 
The difference between the two alternatives may be appreciated by 



Fig, 3. Mustard. Yield — superphosphate relationship. 

reference to Fig. 3 where the continuous line represents the simple 
yield-superphosphate relation for this experiment, and the dotted lines 
show how the uniform addition of a fixed dose of silicate would on 
either of the above suppositions affect the yields With the exact form 
of the yield-superphosphate relation we are not for the moment con- 
cerned, other than to note that it is of the “diminishing returns” type. 
The important point is that if the silicate effect is represented as equi- 
valent to an increment of superphosphate then the yield curve is simply 
shifted to the left, with the consequence that the increment of yield due 
to silicate is maximal at zero superphosphate supply and rapidly dimin- 
ishes as superphosphate increases. If it is, however, an effect on the 

’ The two ourveB for the effect of ailioate are those for the effect of four times the 
unit dose of silicate in this experiment and are based on Table XIX A and B. 
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efficiency of the superphosphate already present, then the origin of the 
yield curve remains fixed but the scale of the horizontal axis contracts, 
so that the increment of yield due to silicate is zero at zero superphos- 
phate, increases at first with increasing superphosphate, and then 
diminishes again to zero. 

We saw earlier (p. 64) that the water culture results with barley 
were of the second type, the increase in yield with silicate being quite 
small with “no phosphate,” very considerable with little phosphate, and 
small with full phosphate. Again the evidence from the PgOg content 
of the water culture plants suggested an effect of silicate upon the 
efficiency of j)hosphorus within the plant, which would be consistent 
with this type of yield relationship. 

The yield data for the mustard may now be examined. The first 
essential is an equation for the yield-superphosphate relation. Several 
types of equation, including the well-known equation of Mitscherlich 
are available. There are reasons (ii) however for preferring an equation of 


the form Y (Yield) 


ki 


■ , where and k^ are constants, P is the 


p^P 


amount of superphosphate added to the soil, and p is the equivalent 
amount of superphosphate already present in the soil. The effect of the 
addition of silicate is to be represented either as an addition, P', to the 
function (p -f P), or as the multiplication of the function (p H- P) by 
a definite factor E. The procedure adopted has been to calculate the 
constants for the 5 yields for increasing superphosphate without silicate 
and to apply this equation to the yields with silicate. Selection of all 
possible groups of 3 observations from the 5 observed yields gave 10 sets 
of simultaneous equations from each of which by eliminating k^ and Aig 
a value for p w’as obtained. These 10 values were weighted by the mean 
yield for each of the 10 sets of observations and the weighted mean of 
these values taken to form a new set of equations linear in form from 
which Gauss’ least square method ki and are found. The calculated 


equation is Yield 


1 

•02922 + 


•0503 ’ 
406 + P 


the calculated yields being 6'52, 


6-84, 8-90, 15-38, 26-99 and the observed yields 6*523, 7-023, 8-970, 
14-590, 27-670. The sum of squares of deviations of calculated from 
observed values is 3-4846 and the variance is half this — 1-74226 — since 
after fitting 3 constants only 2 degrees of freedom are left. For the 
whole experiment the variance of parallels is 2-2421 (126 degrees of 
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freedom), i.e. greater than the variance of deviations from this fitted 
equation ; the variance of parallels for the 5 sets without silicate involved 
in the fit is however much smaller 1*2657 (15 degrees of freedom). The 
divergence between the variance of parallels and that of deviations is 
not however significant. 

The calculated equation may accordingly be used as a basis for the 
analysis of the silicate effect. For the moment the series of silicate 
dressings with full superphosphate manuring will be omitted from con- 
sideration since the variation due to silicate dressing within that set is 
very little greater than the random variation of parallels. For the other 
levels of superphosphate manuring the value of P -{- P', i.c. the equi- 
valent amount of superphosphate required to give the observed yield 
for each combination of silicate and superphosphate, may be calculated. 
(In the equation, and p being fixed, P+ P' determines Y and 

r determines P-j- P'.) 

Table XVIIl. 


Calcvlated valms q/* P 4- P'. 





Units of silicate 

A 



Superphosphate (P) 

r 

1 

2 

4 

8 

> 

10 

gm. 

00 

-0080 

0-101 

0-222 

0 551 

1-003 

0024 

-0 068 

0-242 

0-501 

0-765 

0-493 

0-20 

-f 0 084 

0-331 

0-435 

0-717 

0-475 

100 

+ 0-617 

1-188 

1-615 

3-220 

2-168 


Subtraction of the amount of superphosphate supplied (P) expresses 
the silicate effect as an '‘equivalent increment of superphosphate.” 
Division of the calculated value p -f P -{- P' by the value of p -i- P for 
no silicate expresses the silicate effect in terms of the “relative efficiency 
of the superphosphate.” 

Table XIX. 

A. Silicate effect as an equivalent increment in superphosphate. 

Values of P' 

Units of silicate 


Superphosphate (P) 

1 

2 

4 

8 

16 

Mean 

gm. 

0-0 

-0 080 

0-161 

0-222 

0-551 

1-003 

0-3714 

0-024 

-0 092 

0-218 

0-477 

0-741 

0-469 

0-3626 

0-20 

-0116 

0-131 

0-235 

0-517 

0-275 

0-2084 

1-00 

-0-383 

0-188 

0-615 

2-220 

1-158 

0-7696 

Mean 

-0-168 

0-1745 

0-387 

1-007 

0-726 
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B. Effect of siUcate on relative efficiency of superphosphate. 

Values of E in tenns of unity for Si=0. 

Units of silicate 


Superphosphate 

gm. 

1 

2 

4 

8 

16 

Mean 

0*0 

0-803 

1-394 

1-546 

2-365 

3-470 

1-9134 

0024 

0-786 

1-608 

2-110 

2-730 

2-090 

1-8446 

0-200 

0-808 

1-216 

1-387 

1-855 

1-455 

U3440 

1-00 

0-726 

1-133 

1-440 

2-578 

1-825 

1-5404 

Mean 

0-7805 

1-3125 

1-6205 

2-3795 

2-2100 



As would be expected from the random variance of the yields from 
which these tables are calculated, in both cases the values for any one 
silicate dressing vary rather widely from one another. The total variation 
shown by each set of 20 values may be analysed as follows : 

Table XX. 

Analysis of variance. 


A. Table of ‘‘ equivalent B. Table of relative 

increments. ’ ’ efficiencies.^ ’ 



Sum 

Degrees 


Sum 

Degrees 



of 

of 


of 

of 



squares 

freedom 

Variance 

squares 

freedom 

Variance 

Total 

6-05174 

19 


10-04750 

19 


Silicate dressing 

3-35166 

4 

0-83789 

6-86404 

4 

1-71601 

Superphosphate 

0-82830 

3 

0-27610 

1-06225 

3 

0-35076 

Differential 

1-87188 

12 

0-16599 

2-12121 

12 

0-17677 

Superphosphate + differ- 
ential 

2-70018 

15 

0-18001 

3-18346 

15 

0-21223 


2'-il0g. 

0-83789 

0-18601'“ 

0-76908 

s' = 4 log. 

1-71601 

6-21223” 

= 1-0447 


In both cases the greater part of the total variation is due to variation 
in silicate dressing while variation in superphosphate has a much smaller 
effect. The residue after accounting for the variation due to silicate is 
however relatively very much smaller for the second table as may be 
seen by comparing the values of for the two tables. This table, there- 
fore, which represents the effect of silicate as equivalent to a definite 
change in the efficiency of the superphosphate present, gives the more 
adequate account of the data. 

A further test of the two alternatives lies in the comparison of the 
observed yields with those calculated on the assumption that the effect 

* 2 is the natural logarithm of the ratio between the two standard deviations and is 
used in estimating the significance of any difference between them (v. R. A. Fisher, loc. 
fit. p. 192.) 
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of silicate can be represented by the mean figures for “equivalent incre- 
ment” or for “relative efficiency” given at the foot of Tables XIX, 
A and B : the two equations are 

(1) Yield (r) = ^ 


•02922 -f 


•0603 


•406 + -p + P' 
where for Si — 0, 1, 2, 4, 8, 16 units, P' takes values 
0, - -168, •1745, -387, 1-007, -726. 

(2) Yield ( Y) L— , 

+ (406 -hP)xE 

where for Si = 0, 1,2, 4, 8, 16 units, E takes values 

1, -7805, 1-3125, 1-6205, 2-3795, 2*2100. 
The calculated yields are given in the following table. 


Table XXL 

Calculated yields: (a) equation (J), (6) equal ion (2). 


SilicaU- 



( 

0 


1 



2 

Super- 

phosphate 

(a^ 

(o) 


(fc)’ 

'(<0 

{!>)' 

gm. 

00 

0-52 

4-15 


5 31 

8-(»0 

8*08 

0-024 

6-84 

4-52 


5-57 

8-89 

8-44 

0-200 

8-90 

6-92 


7-38 

JO-68 

10-81 

1-000 

15-38 

14-31 


13-30 

16-40 

17-69 

5-000 

26-99 

25-72 


24-25 

26-18 

27-56 


4 

- A . 


8 



16 


' (O) (6)' 

'(«) 


('>)' 

W 


00 

10-80 

9-46 

15-42 


12-30 

13-60 

11-72 

0-024 

11-02 

9-84 

15-60 


12-72 

13-77 

12-16 

0-200 

12-62 

12-41 

16-58 


16-60 

14-96 

14-96 

' 1-000 

17-32 

19-60 

19-98 


22-58 

18-94 

22-00 

5-000 

26-40 

28-60 

27-00 


30-18 

26-70 

29-88 


For each equation 6 constants additional to the original 3 have 
been calculated from the data, so that for the estimation of the variance 
of deviations from the expected yields we have, for the set of treatments 
silicate 0-16 units and superphosphate 0-1-0 gm., 24-8 == 16 degrees of 
freedom. The variance of deviations (sum of squares divided by the 
number of degrees of freedom) for the first equation is 3*8764, for the 



W. E. Brenohlry, E. J. Maskell and K. Warington 79 


second it is 2*7533. The random variance of parallels for this group of 
pots is 2*0607 (72 degrees of freedom) so that for the first case 
k log* 3*8754/2*0607 - *3156, 
for the second z ^ log^ 2*7533/2*0607 = *1448. 

The value of z required for a probability of *05 is about *289^, so that 
the deviation between observed and calculated yields in the first case 
is greater than would be expected by chance once in twenty trials and 
must be considered significant. The deviations from the second equation 
are greater than the random deviations, but not significantly so, and 
this equation may be accepted as an approximate representation of the 
observed facts. 

So far we have dealt only with the yields which have been used in 
calculating the constants of the equation. We may calculate also 3 deld 
values for complete superphosphate and silicate. (These are given in 
the lowest row of Table XXI.) The variance of deviations (for the 
second equation) now becomes 3*6805 (22 degrees of freedom) while 
that of parallels is 2*4228 (90 degrees of freedom). For these variances 
z - 0*209 while for a probability of *05 the value of z required is 0*2537 
so that the de\’iations are still not significant. 

Of the whole experiment we are now left with the no-potash and 
the no-manure series. If these show the same silicate-phosphate inter- 
action as the other series the same equation should serve with an altera- 
tion only in the constant i'l wliich is not associated with the silicate- 
superphosphate function. 

For the no-potash set calculation gives =- *031404 instead of *02922 
and for the calculated yields we have (for Si - 0, 1 , 2, 4, 8, 16), 24*043, 
22*661, 25*400, 25*912, 27*205, 27*068. The variance of deviations of 
this series 2*7182 (with 5 degrees of freedom) is less than the variance 
of parallels which is 3*0173. For the w'hole experiment, excluding the 
no-manure series, we have the variance of deviations 3*5023 and the 
variance of parallels 2*5219 (108 degrees of freedom). For these variances 
z= *1647, whereas for a probability of *05 z requires to be *2314. 
Thus the slight observed effect of silicate upon yield in the absence of 
potash, can be represented as the effect of the silicate upon the eflSciency 
of the superphosphate supplied and no sodium-potassium interaction is 
suggested. 

The value of ki for the no-manure series is calculated as *03837 and 
the calculated yields (for Si - 0, 1,2, 4, 8, 16) using this constant are 


1 Using the approximation formula given by Fisher, toe. ciL p. 199, 
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6- 169, 5*066, 7*626, 8*705, 11*041, 10*586. The greater part of the 
variance in the no-manure series is thus accounted for, but the variance 
of deviations remains high and in comparison with the very low value 
of the variance of parallels is fully significant. The variance of devia- 
tions (5 degrees of freedom) is 2*2628; the variance of parallels (18 degrees 
of freedom) is 0*56305. Thus z ^ *69564 while for a probability of *06, 
z is about 0*51. The chief divergence between the expected and the 
observed values lies in the absence from this series of the depression in 
3 deld with one unit of silicate shown by the 5 manures containing both 
nitrogen and potash. For the purpose of fitting the general equation 
for the silicate-phosphate interaction this depression was accepted as 
part of the data from which constants for the effect of the different 
doses of silicate were to be derived. Tested statistically the mean de- 
pression in yield for unit dose of silicate is just on the verge of signi- 
ficance. For Si = 0 the mean yield for pots with N and K and varying P 
is 12*9558; for the same manures with Si = 1 unit the mean yield is 
11*1252. The mean difference is 1*8306 while the level of significance 
(omj — t for a probability of *05) for this comparison is very little 
greater — 1*99. 

It is just possible therefore that the apparent depression in yield with 
unit dose of silicate may not be real. In fact the error in representing 
the mean value of E (Table of Relative Efficiencies, p. 77) as a linear 
function of amount of silicate is, up to Si — 8, less than the error due to 
differential response. Beyond Si ^ 8, there may be a depression or not: 
the data again are inadequate for an exact decision. 

Up to Si — 8 units however a reasonable account of the results in 
terms of concentration of superphosphate and concentration of silicate 
may be obtained from an equation of the type we have been discussing: 

y (Yield) L- , 

i -u 

* (pi~P)E 

where \ ^ -02922 for manuring with N and K, 

= -031404 for manuring without K, 

— -03837 for manuring without N or K, 

jfcjj - -0603, f = -406, 

P = gm. of superphosphate supplied as manure and E (repre- 
senting the efficiency of the superphosphate) = -8403 -f 
-192 X Si, where Si = no. of units of silicate supplied. 

This involves six constants derived from the yield data. For the variance 
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of deviations of the 35 yields up to Si = 8 we have therefore 29 degrees 
of freedom and the variance is 82*7097/29 = 2*85206. The variance of 
parallels (105 degrees of freedom) is 2*10324. Hence z 0*15228, while 
the value of z required for a probability of *05 is about *227. 

Thus within the limits set by the variation of parallel pots it seems 
possible to formulate the effect of added silicate in terms of an increase 
in the efficiency of the superphosphate present, this increase in efficiency 
approximating to a linear function of amount of silicate up to 8 units 
of silicate. 


D. Summary. 

(1) Under controlled conditions in water cultures soluble silicate 
was found to have little effect upon the growth of barley if phosphorus 
were also ])resent, but if the latter were absent a significant increase in 
dry weight was induced by the silicate. 

(2) The addition of silicate caused an appreciable increase in the 
height of the main shoot, which was most marked in phosphate-free 
solutions, becoming less evident as the quantity of phosphate present 
w’as increased. 

(3) Leaf development was retarded by phosphate deficiency and 
hastened by the addition of silicate. 

(4) xV close association exists between the amount of phosphate 
present, and the effect of silicate upon the rate of tillering and the number 
of tillers developed. 

(5) Soil cultures with barley and mustard in pots with various forms 
of silicate showed that soluble silicates are more active than glass silicates, 
tending to cause increase in dry w’^eight with deficient mineral manuring, 
and in some cases also with complete manuring. 

(6) Further soil experiments revealed variations in the response of 
barley and mustard to silicate on different types of soil. A general im- 
provement occurred with increasing doses of silicate together wdth 
various combinations of manures, notably when phosphorus or potash 
was deficient. 

(7) The significance of the results obtained has been examined 
statistically, and an attempt made to formulate the effect of added 
silicate in terms of an increase in the efficiency of the superphosphate 
present. 


Ann. Biol xiv 


6 
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EXPLANATION OF PLATE V 

Fig. 1. Barley grown in nutrient solution containing no phosphate, with sodium silicate 
rangmg from 0-16 units (1st harvest). 

Fig. 2. Barley grown in complete nutrient solution, with sodium silicate ranainir from 
0-4 umts (let harvest). ® ^ 

Pig. 3. B^ey grown on light soil with sulphate of ammonia and superphosphate, but 
no potash, with sodium siUcate ranging from (K16 units, left to right. 

Pig. 4. Mnst^ grown on light soil with sulphate of ammonia and poti^h but no phos- 
phate, with sodmm silioate ruiging from 0-16 units, left to right. 

{Received April 12fA, 1926.) 
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discriminate between the effect of eliminating bunt and other influences 
which the chemical as such might possibly have on the growth of the 
plant. 

In addition to the superior early growth of untreated rows, it ap- 
peared on a superfleial examination that healthy plants were longer in 
the straw than those carrying bunted heads, and since little attention 
had previously been directed to the influence of the fungus on the growth 
of the plant, the authors decided to make a critical comparison of the 
establishment, tillering, groAvth in height and final yield of healthy and 
bunted plants of the same variety of wheat, reserving as a distinct and 
separate problem the influence of treatment with chemicals. 

The problem was studied during the years 1924-5 by three methods: 

(1) Establishment and 3 deld data were obtained from rows of bunt- 
free and bunt-contaminated grain, sown under field conditions in the 
cage at the Plant Breeding Station Farm. (Experiment I.) 

(2) Germination and dry-weight data were collected from seedling 
plants grown in boxes under varied conditions of soil and temperature. 
(Experiment II.) 

(3) Measurements were made throughout the entire growth period 
on single plants, bunted and healthy. The plants in this case were grown 
in pots in the cage at the Plant Breeding Station Gardens. (Exj)eriments 
III and IV.) 

The results prove that bunt has a retarding influence on growth in 
height, which under certain conditions manifests itself at an early stage 
in the development of the plant. Tillering, on the other hand, appears 
to be stimulated by the parasite, bunted plants showing on the average 
a higher number of tillers per plant than those which are healthy. This 
result is of particular interest in view of the data from field trials pre- 
viously referred to, in which treated rows carried a far higher number 
of heads at maturity than those not treated, but the apparent dis- 
crepancy in results may be explained by the failure, under certain con- 
ditions^ of bunt-contaminated seed to establish a good stand in the field, 
a result obtained with three varieties in 1925. (Experiment III.) 

It is evident that bunt has a more retarding effect on growth and 
yield than has been generally realised, and the remarkably high increase 
in grain yield following its control in field experiments can now be 
explained without resort to the hypothesis of a stimulating effect on 
the part of chemicals applied to the grain. There is, however, still the 
possibility that treatment does also influence growth in this way, or in 
preventing the attacks of soil organisms during the germination period, 
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and the question of the effect of various chemicals on the establishment 
and growth of bunt-free wheat samples is the subject of a separate 
investigation. Data on the growth of grain treated with copper carbonate 
are, however, given in one experiment. 


II. Historical. 

The early investigations on bunt of wheat, prior to the year 1921, 
have been summarised by Woolman and Humphrey ( 16 ), and it is note- 
worthy that little attention has been given to the effect of the fimgus 
on the host plant apart from the final production of spores in place of 
healthy grain. 

That bunt has a retarding influence on the development of the wheat 
plant was noted by Lang(8) in 1917. A dwarfing effect due to T. tritid 
was described by Harwood (i) and other workers (ii) and it was suggested 
that this character might be made use of for distinguishing the two 
species T. tntici and T. laevis in the field since the latter fungus appeared 
to influence the growth of the plant only to a very slight extent. 

Various references have been made to morphological differences be- 
tween the ears of healthy and bunted plants, A lengthening was recorded 
for ears of the squarehead (2) and compactum type8(6, y, 16) but in a 
spring bearded wheat no difference in length was apparent between 
healthy and bunted heads ( 13 ). Some measurements on ears and kernels, 
healthy and bunted, were given by Barrus(i), but the first worker to 
record data estimating the influence of bunt on growth in height was 
Mourashkinski in 1925(10). Both species of Tilletia were included in his 
experiments, which consisted of field plots of bunt-free and bunt-con- 
taminated samples of the same variety sown at spaced intervals and 
left until maturity when they were taken up for measurement. The 
data show conclusively that the infected plants were shorter in each 
internode than plants raised from healthy seed, while plants with healthy 
ears raised from contaminated seed occupied an intermediate position. 

In 1924, using Triticum vulgare var. miUurum, the depressing effect 
of the two species of TiUeiia was equal, but in 1925 it was slightly more 
marked in the case of T. tntici^ although the same pure line of wheat 
was used as in the previous year. It is suggested that the difference 
between the two sets of data may possibly be attributed to the fact 
that growth conditions were not so favourable for wheat in 1924, or 
perhaps to a difference in the spore collections of T, laevis used in the 
two seasons. 
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In several experiments counts were made in the field of seedlings 
established in plots sown respectively with healthy and bunt-contami- 
nated grain. Under some conations it was found that the mortality was 
distinctly higher in the case of bunted grain, but the degree of mortality 
varied with the variety and with the time and conditions of sowing the 
grain. A higher percentage of mortality was actually found in the case 
of certain varieties recorded on the basis of plants with bunted heads 
as less susceptible. 

Discussing the actual cause of mortality among bunted plants, the 
author refers to the fact that such plants are more than ordinarily 
susceptible to attacks of Fusatium sp. — a fungus causing considerable 
damage to wheat in the east of Russia. 

In addition to a shortening of the stem intemodes, bunted plants 
showed in the majority of varieties a reduction in the length of ear and 
in the number of spikelets produced, but three varieties gave contrary 
results. Where such reduction did occur it was manifest also in healthy 
ears raised from contaminated seed. 

Finally, data are given on the size of bimted grain, and a certain 
correlation is found to exist between this character and the susceptibility 
of a variety to bunt, the bunted grains being longer than the normal in 
the more susceptible varieties and shorter than the normal in those that 
are more resistant. 

The experiments described below carried out on somewhat different 
lines and with different wheat varieties confirm in all essential points 
the results obtained in Russia. In addition, data are given on the pro- 
gressive tillering of bunted and healthy plants, and on the influence of 
Tilletia tritid on the height and the dry weight of bunted and healthy 
plants in the seedling stage. 

III. Experimental Data. 

(1) Establishment and yield data from rows of bunt-free and bunt- 
contaminated grain sown under field conditions. (Experiment I.) 

Varieties: Browick, Marshal Foch, Svalof Iron. Sown February 

18th, 1926. 

April Bearded, Red Marvel. Sown April 9th, 1925. 
Replications: Eight 6-ft. rows of each treatment for each variety. 

The object of this experiment was two-fold: (i) to compare the be- 
ha\dour of healthy and bunted grain of the same variety grown under 
exactly similar conditions; (ii) to study the effect of the copper carbonate 
treatment on grain free from bunt. 
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Since sufficiently large samples of grain of known origin were not 
available, it was necessary to obtain new samples from a seed firm. Of 
the five varieties included in the experiment, four were apparently 
bunt-free, in that the grain sown without treatment did not produce a 
single bunted head. The fifth sample, April Bearded, was evidently 
bunt-contaminated on receipt, the control rows containing at harvest 
an average of 9*7 per cent, bunted heads. 

The five varieties received uniform treatment, except in regard to 
the dates of sowing, which varied with the winter and spring varieties. 

Each bulk sample (1 lb.) was divided into four lots which received 
the following treatment: 

A. Control — grain as received. 

B. Grain as received, shaken with copper carbonate at the rate of 2 oz. 
per bushel. 

C. Grain as received, shaken with bimt spores at the rate of 1 gm. spores 
per 100 gm. grain. The spores were derived from the variety April 
Bearded in 1924, the bunted grain being kept in a tin out-of-doors 
from October to February, then crushed and sieved. 

D. Half of the contaminated sample (C) was treated with copper car- 
bonate at the same rate as that used for the healthy grain, sample (B). 
The varieties were sown at a uniform rate, 120 grains per 6-ft. row 

and each treated lot w^as replicated eight times. 

The data collected from the four varieties in w^hich the control rows 
were entirely bunt-free, are given in Table I, while those obtained from 
April Bearded are shown separately in Table IL 

Discussion of Results. 

The winter varieties sown in February were subject to highly un- 
favourable climatic conditions during the first seven w^eeks, with the 
result that germination was extremely slow and uneven^ When criti- 
cally examined in May a marked difference was evident between the rows, 
the control of each winter variety having made a distinctly better stand 
than the bunt-contaminated lots. Rows from grain treated with copper 
carbonate (B) were not quite so good as the control (A), but rather 
better than those in which the copper dust had been applied to bunt- 

1 The following data were kindly supplied by Mr Martin G. Jones, M.Sc., meteoro- 
logical observer at the Welsh Plant Breeding Station: For the week ending March let, 
1925, the total rainfall for the week was 2*14 in., some rain fell each day and the minimum 
temperature ranged from 32 to 39° F. During the first seven weeks after sowing (February 
18th, 1925) twenty-one days showed ground frost and rain fell on twenty-eight days. 
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contaminated grain (D). The rows were graded on a system of marking 
in which a maximum of five marks was allocated to a thick uniform row 
and two days later actual counts were made on each row in the experi- 
ment, the two sets of data showing close agreement. (Table I.) 

The two spring varieties sown early in April had already germinated 
and made a uniform stand when the first count was made, no difference 
appreciable to the eye being evident between the rows. In actual figures 
the lots treated with copper carbonate showed in both varieties slightly 
better establishment than the control or the bunt-contaminated rows. 

Comparing the healthy control (A) rows with those containing bunted 
heads in regard to the number of plants established in May, the number 
found at maturity and the average number of heads per row at harvest, 
a progressive increase in the influence of bunt is evident, amounting 
to 16, 19 and 25 per cent, for the three sets of data in the case of lots 
badly bunted (B); 14, 15 and 17 per cent, in the case of lots where bunt 
was partially controlled by the copper dust treatment (D). (Table I.) 

The retarding influence of bunt on growth in height was especially 
conspicuous at the “boot stage,” just prior to emergence of the spike. 
Measurements were made in each row at three points, situated approxi- 
mately in the middle, and at a foot from the two ends. The distance 
measured in the one case was from ground level to the tip, and in the 
other, to the ligule of the flag leaf of the tallest tiller at each place of 
measurement. The results show for each variety an appreciable reduc- 
tion in the height of bunted rows, although the measurements were not 
made exclusively on plants showing bunted heads since such plants could 
not be recognised at that stage of growth. 

Considering the grain yield data we find here also a confirmation of 
the results of previous field experiments. Taking the average of four 
varieties the percentage loss in grain weight is 64, while the percentage 
bunted heads is 67. The difference between the two figures is no doubt 
due to the lower rate of establishment of the bunt-contaminated grain. 

It is not the purpose of the present paper to treat fuUy of the 
influence of chemicals on the growth of wheat, but reference might be 
made in this connection to the series (A) and (B), which show in all the 
data collected remarkably close agreement. From this experiment, there- 
fore, it cannot be said that the copper dust has definitely affected either 
beneficially or adversely the healthy grain, whereas the retarding in- 
fluence of bunt is seen at all stages in the growth period. 

A further point of interest in the experiment is the relatively high 
percentages of bimt obtained in the lots treated with copper carbonate. 
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Table!. 

Shomng estMishmmty height and yield of four wheat varieties^ bunted and 
non-buntedf treated with copper carbonate. Winter varieties sown 
February ISth, 1926. Spring varieties smn April 9th, 1926. KnoU cage. 

Marks No. of No. of Yield 

for No. of plants Height heads Total Weight of 

braird- plants at to tip of Height per weight of healthy 

Hunted Bunted ing. estab- maturity flag leaf toligule row 8traw+ healthy grain: 

Treatment and plants heads Max. 5 lulled average 10. vi. 25 20. vi.25 at grain grain control 

variety % % 20. v. 25 22. v. 25 per row cm. cm. maturity gm. gni. at 100 


A. Control : grain as receiv(*d . 


Browick 

00 

0*0 

2-() 

19*2 

251 

59-3 

54'8 

58-9 

310-8 

92-8 

100 

Marshal Foch 

0-0 

0-0 

2*8 

214 

274 

59-9 

57*0 

62>9 

325-8 

117-3 

100 

Svalbf Iron 

()•() 

0*0 

38 

39-5 

54*8 

57-6 

51-3 

804 

358-5 

129-6 

100 

Red Marvel 

0-0 

()■{) 

5-0 

574 

58'2 

57-8 

566 

81-8 

269-8 

81-3 

100 

Average 

0-0 

0*0 

3*4 

344 

414 

58-7 

54-0 

70*9 

316-2 

105-2 

100 

B. Copper carbonate on 
Browick ()-4 

grain as received : 
0-2 1*8 

184 

235 

574 

52-7 

57*3 

294-9 

85-2 

92 

Marshal Foch 

0-0 

0-0 

21 

19*9 

26-0 

61-5 

564 

65-8 

329-6 

1224 

104 

.Svalof Iron 

0-0 

0-0 

3-1 

361 

441 

574 

525 

744 

325-6 

113-6 

88 

Red Marvel 

0-8 

1-0 

5-0 

62*5 

67-0 

584 

564 

98 8 

306-9 

94-2 

116 

Average 

0-3 

0 1 

31 

34-2 

40*2 

58-5 

54-5 

744 

314-2 

103-9 

100 

C. Contaminated with bunt .spores: 
Browick 53*1 12(1 

M 

121 

154 

53-2 

46>8 

30-8 

109-6 

42-1 

45 

Marshal Foch 

43«9 

431 

10 

152 

224 

530 

48^2 

424 

177-2 

54 8 

47 

Svalof Iron 

54-9 

513 

2*5 

29-5 

360 

524 

46-0 

51-8 

185-2 

53-9 

42 

Rod Marvel 

02-7 

914 

5*0 

58-0 

584 

523 

49-3 

80-8 

102-2 

7-8 

10 

Average 

01-2 

57-1 

20 

28-9 

331 

52-7 

47-5 

52-9 

173-6 

39-7 

36 

1). Contaminated with bunt spores and treated with copper carbonate; 
Browick 8-0 4 2 1*5 13*9 17-8 57-3 

61-6 

45-0 

261-6 

79-7 

86 

Marshal Foch 

101 


21 

154 

22-3 

02-3 

544 

524 

254-4 

88-0 

75 

Svalbf Iron 

13-8 

12-8 

21 

25-0 

324 

53-2 

544 

54 8 

241-6 

85-3 

66 

Red Marvel 

41 (1 

38 4 

5 0 

634 

68-2 

57-8 

56-8 

84-5 

237-4 

62-5 

76 

Average 

18-4 

15-1 

21) 

29-6 

35-2 

57-7 

54-3 

59-2 

198-8 

78-9 

76 


Table II. 


Shomng data on establishment, growth and yidd of April Bearded wheat 
loith varying amounts of bunt. Sown April 9th. 1926. KnoU cage. 


Treatment 

Bunted 
heads at 
harvest 
% 

Av. number 
of plants 
per row 

22. V.25 

Av. height 
to tip of 
flag leaf 
16.vi.25 
cm. 

Av. height 
to highest 
ligme 
26.vi.25 
cm. 

Av. number Total weight 
heads per straw + 

row at grain 

harvest gm. 

Weight 0 
healthy 
grain 
gm* 

Grain as received 

9-7 

66-1 

83-1 

65-6 

112-4 

323-8 

95-8 

Copper carbonate on grain 
as received 

0-9 

71-6 

75-5 

67-3 

127-9 

371-9 

114-3 

Contaminated with bunt 

93-1 

66-4 

64-2 

57-3 

112-5 

193-0 

7-0 

spores 

(Contaminated and treated 

52-7 

72-0 

72-5 

63-6 

131-9 

313-2 

57-6 


with copper carbonate 
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but it should be understood that the rate of spore contamination, 
1 per cent., was excessively heavy and one hardly like to occur under 
practical conditions^. This may also account in part for the unusually 
high percentage of bunt obtained with spring-sown wheat which is 
commonly held to be less heavily attacked than wheat sown in the 
autumn. 

(2) Germination and dry weight data obtained from seedling plants 
under varied conditions of soil and temperature. 

Variety: Marshal Foch. Sown November 17th, 1925. (Experiment II.) 

For this experiment a clean bulk sample was divided into two 
portions, one of which was kept as the control, while the other was 
shaken with spores of T. tritici^ known to be viable. The grain was sown 
at spaced intervals in boxes measuring 21 x 12 x 7 in. and covered to 
a uniform depth. Each box carried 104 grains. In half of the total number 
of boxes (36) partially sterilised soil was used, the remainder were filled 
with soil which had not been sterilised^. The boxes were divided between 
three places of experiment, a heated glass-house, a cold glass-house and 
an open cage, in order that the plants might be subject to different 
conditions of temperature. The experiment thus included twelve series, 
each consisting of three replications. All the boxes were sown and 
placed in position on the same day. Notes and counts on the rate of 
germination were made at intervals, and in the cold house, where a 
decided difference in height was apparent between the ‘‘healthy” and 
“bunted” series, the individual plants in each box were measured from 
soil level to the apex of the longest leaf. Dry weight data were finally 
obtained by carefully removing the plants from each box and separating 
shoots from roots by cutting the hypocotyl at the point where the grain 
was still attached. Except in the case of those situated in the heated 
house, which were the first to be taken up, the shoots were dried and 
weighed in lots of twenty plants, and the weight per 100 was calculated 
on this basis. The roots were also washed, dried and weighed, but the 
data have been omitted from Table III as the experimental error was 
relatively high and no definite conclusion could be drawn from the 
results. 

^ In experiments conducted by Heald(5) a definite relation was found to exist between 
the spore load carried by the grain and the percentage disease appearing in the crop. 
Maximum smutting was produced when 0*5 gm. of spores were applied per 100 gm. grain. 

2 Partial sterilisation was achieved by heating the soil in a brick oven. The soil was 
first saturated with water and heated to 85-90° C., this temperature being maintained 
for approximately 12 hours. 
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Table III. 


Showiv^ a comparison between the early growth of plants raised from bunt- 
free {control) and bunt-contaminated grain and sown under varied con- 
ditions of soil and temperature. Variety: Marshal Foch, Soum 
November llth, 1925. 






Av. dry weight 




Age of 

Germination in 

of shoots per 




seed- 

soil. 

% 

box in grii. 




lings 

^ 


r 


Av. dry weight of shoots 


when 


Bunt- 


Bunt- 

per 100 plants in gm. 


taken 


con- 


con- 

^ ^ 

^ 

Place of 

up 

Con- 

tamin- 

Con- 

tamin- 


Bunt-con- 

experiment 

weeks 

trol 

at>ed 

trol 

ated 

Control 

taminated 

Partially sterilised soil : 







Heated glass-house 

8 

92 

90 

5-85.3 

4-960 

0-096 

5-270 







(100) 

(87) 

Cold gloss-house 

17 

98 

98 

7-305 

0-049 

7-141 i -070 

0-0021 -021 







(100) 

(84) 

Open cage 

21 

97 

95 

17-154 

17-173 

10-940-i -243 

17-1491-213 







im 

(101) 

Non-sterilised sr)il : 








Heated glass-house 

8 

88 

92 

4-230 

4-380 

4-040 

4-500 







(100) 

(98) 

Cold glass-house 

17 

78 

73 

1032 

3-4a5 

5-7321-108 

15581.-097 







(100) 

(80) 

Open cage 

21 

80 

80 

4 800 

5-810 

5-912+ -249 

6-920+ -271 







(100) 

(117) 


Av. height per plant 
ID cm. 

, ^ , 

Bunt-con- 
Control taminated 


22-2±-110 18-5i-137 
(100) (83) 


18-8±-176 16-2±-221 
( 100 ) ( 86 ) 


Discussion of Results, 

The different temperature conditions to which the plants were subject 
are indicated by the rate of germination in the three places of experiment. 
In the heated glass-house an average of 22 plants per box were above 
soil level on November 26th, only nine days after sowing, and the 
maximum establishment figure was obtained on December 11th. On 
this' date germination in the cold glass-house was only just apparent, 
while in the open cage not a single seedling was in view. In this situation 
no plants appeared above soil for five weeks from the date of sowing. 
During this period the temperature fell below freezing point on nineteen 
days and the actual range for the same period was maximum 36-45° F., 
minimum 18-40° F. 

In regard to the percentage germination no constant difference was 
apparent between the bunt-contaminated grain and the bunt-free control. 
The greatest difference was a 5 per cent, decrease in the cold house 
(non-sterilised soil), but in the same soil, in the heated house, a 4 per cent, 
increase was recorded for the same grain. Taking the average of all 
boxes in the three places of experiment the results are 94 and 96 per cent, 
for bunt-contaminated and bunt-free grain respectively in the partially 
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sterilised soil and in the non-sterilised soil 82 per cent, germination was 
recorded for both lots of grain. 

In later growth, however, there was a distinct and visible difference 
between the control and the bunt-contaminated grain in both soils in 
the cold house as is shown by Plate VI (2) and (3). 

By measurement the difference in height in favour of the control 
plants was found to amount to 14 and 17 per cent, for the non-sterilised 
and partially sterilised soils respectively. A distinct and significant 
difference in the same direction was obtained in the dry weight of shoots 
per 100 plants. In non-sterilised soil the control shoots were 20 per cent., 
in partially sterilised soil 16 per cent, heavier than those derived from 
bunt-contaminated grain. 

In the heated house, and in the open cage, no visible difference could 
be detected between the two lots of seedlings in either type of soil. 
Plate VI (1) and (4) shows the similarity of the two series in height and 
general growth, and it was not thought useful to make actual measure- 
ments. In regard to the dry weight of shoots per 100 plants a 13 per cent, 
decrease was shown by the plants raised from bunt-contaminated grain 
in partially sterilised soil, but from the range of figures it is doubtful if 
the difference is significant, and it was not confirmed in the other type 
of soil. 

In the open cage again no reliable difference was evident. Apart, 
from the low temperature the plants here were subject to extremely 
severe conditions of wind and rain, and this increased the accidental 
differences between boxes in the same series. The apparently large 
difference (17 per cent.) in favour of the bunted lots in the dry weight 
of shoots per 100 plants is without mathematical significance. 

In this experiment, therefore, a retarding effect due to bunt was 
distinctly shown at an early growth stage under one set of conditions, 
but was absent when the same seed was grown under two different sets 
of conditions. 

A somewhat similar result was obtained in another experiment. It 
was noticed in February in a field trial that rows of seedlings raised from 
bunt-contaminated grain treated with copper carbonate were far superior 
in appearance to others of the same seed not treated. Since samples of 
both lots of seed were still available, 416 grains from each sample were 
sown in boxes which were placed in the heated glass-house. Dry weight 
data were obtained after eight weeks as in the above experiment, but 
no appreciable difference in shoot development existed between the two 
lots, thus giving a result contrary to that obtained under field conditions. 
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A slight difference between the two lots was, however, shown in the 
root data: 

Diy weight shoots only Dry weight roots only 

t 

Average 

Bimt'Contaminated grain 2*665 

Grain treated with copper carbonate 2*655 

It is possible that the similar behaviour of the two samples in the 
heated house was due to the fact that the fungus failed to infect the 
plants under the temperature conditions there prevailing, since it is well 
known that a low temperature favours infection of wheat by this 
fungus (3). Unfortunately this point could not be tested by growing on 
the plants to maturity. On the other hand, in experiments described 
below the retarding influence of bunt on growth was evident at later 
growth stages, but inappreciable in the young plant, and its absence 
at that stage does not of necessity mean that plants are free from 
infection. 

It has not been possible to investigate more fully this apparent corre- 
lation between temperature conditions and the influence of bunt on 
groAvth. Reference might be made to the previous section of this paper 
in which it was shown that the establishment of bunt-contaminated 
grain was lowered in the case of three varieties sown in February while 
the effect w'as absent in the case of two other varieties sown in April. 
Mourashkinski recorded the fact that bunt-infected plants may die 
before maturity and discussing the problem states that the percentage 
of death varied with several factors, including the time of sowdng. 

(3) Measurements made throughout the entire growth period on 
single plants, raised from bunt-contarninated and bunt-free grain. 

Varieties: Hen Gymro, pure line selection. Sown March 14th, 1924. 

(Experiment III.) 

April Bearded. Sown March 4th, 1925. (Experiment IV.) 

The method adopted with the variety Hen Gymro in 1924 was 
briefly as follows. The bulk sample of grain was first sterilised by 
soaking it for ten minutes in formalin solution (1 part in 320 parts of 
water) and covering it for four hours with a cloth soaked in the same 
solution. The grain was then thoroughly washed writh tap water and finally 
spread out to dry. Before sowing, the sample was separated into grain 
of two sizes, and the average weight of each lot was determined. For 
the experiment each grain sown was weighed separately and only those 
were included which showed a difference of less than 12 per cent, from 


Range 

(2*09-3*87) 

<2*31-2*96^ 


Average 

0*333 


Range 

(0*29-0*39) 
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the average weight of the grain in the particular series. Each lot of 
selected grain was further subdivided, one half being reserved for the 
control, and the other half contaminated by shaking with spores of 
TiUetia tritici. The experiment thus consisted of four series: 


(1) Small grain bunt-free (control) 

8 pots 

(2) „ „ bunt-contaminated ... 

... 17 „ 

(3) Large „ bunt-free (control) 

... 8 „ 

(4) „ „ bunt-contaminated ... 

... 17 „ 


Each series was sown on March 14th, 1924, four grains being allowed for 
one pot (tomato size) with the intention of allowing three to reach 
maturity. In a few instances it was necessary to make up the number 
in a particular pot by transplanting seedlings from one pot to another 
in the same series. This was carefully done at a very early stage of 
growth withbut any apparent check on the growth of the plant. 

Measurements on height were made at weekly intervals during the 
growing season and at the same time counts were made on the tillers 
produced by each plant. 

At maturity each plant was taken up, wrapped round with paper 
and classified, after examination in the laboratory, as healthy, semi- 
bunted or completely bunted, according to the condition of the grain. 
Only those plants were placed in the last group when the heads failed 
to show a single healthy grain. Data were also obtained for each plant 
on the number of heads, the weight of straw and the height of each tiller 

Table IV. 

Shomng the rddtive tillering and height of single plants of wheat raised 
from bunt-free and bunt-contaminated grain. Variety: Pure line selec- 
tion Hen Gymro, Soim March 14^A, 1924. 

No, of 




heads at 

Height 

Height 

Jjength of 

Weight of 


No. of 

maturity 

to base 

to apex 

ear (by 

straw per 


plants 

per single 

of ear 

of ear 

difference) 

plant 

Variety 

averaged 

plant 

cm. 

cm. 

cm. 

gm. 

Small grain. Contaminated (T, tritici)'. 





Not-bunted 

10 

7-8. 

103-9 

115-2 

11-3 

17-2 

Semi-bunted 

21 

70 

89-7 

100-2 

10-5 

12-3 

Completely-bunted 

12 

80 

80-2 

89-8 

9-6 

11-9 

Control 

23 

7*7 

98-8 

109-4 

10-6 

16-9 

Large grain. Contaminated (T, tritici): 





Not-bunted 

8 

6*9 

102-3 

114-6 

12-3 

15-4 

Semi-bunted 

28 

8-7 

91-5 

103-1 

11-6 

18-0 

Completely-bunted 

11 

8-7 

95-6 

94-8 

9-2 

14-9 

Control 

23 

7*6 

102-6 

115-3 

13-2 

16-7 
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measured from the level of the root system to the base and the apex of 
the ear. The results are given in Table IV. 

The experiment was repeated in the following year, using April 
Bearded as the variety of wheat, and including the species Tilletia laevis 
in addition to T. tritid^. The method of carrying out the experiment 
was essentially the same as in the previous season with one or two slight 
modifications. The sample was graded as before, but only grain of one 
“ size ” was used, namely that which fell between •025~-035 gm. in weight. 
Heated soil was used as a few plants had been lost in 1924 by wireworm 
attack, and six grains were sown per pot to guard against the necessity 
of transplanting. These were finally thinned to four as it was found 
that such a number could reach maturity without becoming pot-bound. 
The experiment thus consisted of the following series : 

(1) Bunt-free seed (control) 10 pots. 

(2) Seed contaminated with spores of T. /rtei ... 20 „ 

(3) „ „ T. laeiyis ... 10 „ 

As in the previous experiment, data on tillering and growth in height 
were collected during the growing season and at maturity the plants 
were carefully lifted and tied in paper. In addition to measurements 
on length of straw, number and weight of heads and grain, dry weight 
data were obtained on the roots, which were carefully freed from soil 
and then washed and dried. The root system was severed by cutting 
across the base of the plant at a point level with the highest root on the 
stem. The results are given in Table V. 

Discussion of Results, 

In the 1924 experiment, using Hen Gymro wheat, the “small” grain 
gave 77 per cent., the “large” grain 83 per cent, of bunted plants. In 
regard to height of straw and length of ear the average figures for plants 
raised from the large-sized grain were slightly higher than those obtained 
by sowing the smaller seed, but as far as the influence of bunt on growth 
is concerned the two series gave closely parallel results. Thus it is 
evident (Table IV) that in both series bunted plants when compared 
with the control showed a decided reduction both in height (16-19 per 
cent.) and in the length of the ear (9-4-30-3 per cent.). The reduction 
was, however, less in plants not completely bunted. 

In 1925 a similar reduction (amounting to 13 per cent.) in the length 
of straw was obtained with T. trUici, on April Bearded wheat, but no 
appreciable difference was apparent in the length of ear, the average 

* Spore collection of T. laevis ivas derived from the vanety Poole. It was placed at 
the authors' disposal by the kindness of Dr G. H. Pethybridge. 
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for bunted plants being very slightly higher than that for the control. 
The diseased plants in this experiment showed in almost every case a 
certain number of healthy grain, and therefore no classification could 
be made into groups of semi-bunted and completely-bunted individuals. 

Table V. 


The relative growth and yield of single plants of wheat raised from bunt free 
and bunt’Contaminated grain. Variety: April Bearded. Sovm March 
m, 1926. 








Weight of 
single com- 






Length of 

plete plant 



No. of ears 

Height of 

Height to 

ear (by 

cxcludhig 


No. of plants 

per plant at 

base of ear 

apex of ear 

difference) 

roots 

Treatment 

averted 

maturity 

cm. 

CHL 

cm. 

gm. 

1. Grain contaminated with spores 
{TiUetta inttci). Bunted plants 

(12 

9-5 

71-28 

81-06 

9-78 

24-84 


1*215 

±•886 

±•952 


±•716 

2. Grain C('ntaminated with spores 
(Tilleiia lams). Bunted plants 

21 

9-16 

79 m 

90-20 

10-30 

26-60 


^ 358 

±1-03 

±1*05 


±•914 

3. Control 

3() 

8-70 

81-90 

{*2-20 

9-70 

28-70 



£-245 

±•840 

1-869 


r:-8l6 

4. Apparently healthy plants 

9 

840 

87-09 

98-51 

10-82 

31-78 

from(l). {T.trilm) 


±•481 

±1-426 

±1-377 


±1-386 

5. Apparently healthy plants 

16 

9-12 

82-;i0 

93-80 

11-50 

30-30 

from (2). (T. lams) 


^.-259 

±1-30 

±1-19 


±•972 


Weight of 

Weight id 


Weight i)f 




ears per 

grai]) per 
single plant 

No. of grain 

healthy gram 

Weight of 

\\ (*ight of 

Tifatiiient 

single plant 

per single 

per plant 

riH»ts only 

straw only 

gni. 

gni. 

plant 

gm. 

gm. 

gm. 

1. Grain contanunat<Hl with sporoi> 
{Tilletia trittci). Bunted plants 

10-05 

0-15 

309 

3-85 

1-62 

14-79 





1-0.55 


2. Grain contaminated with spores 
{TiOetia laevis). Bunted plants 

10-63 

6-86 

254 

5-31 

2-10 

15-97 





1-111 


3. Control 

13-45 

9-16 

260 

9-16 

2-09 

15-25 






L-105 


4. Apparently healthy plants 
from(l). {T.trUvn) 

14-^15 

10-03 

209 

10-03 

2-11 

•136 

17*73 

f). Apparently healthy plants 

11-30 

1002 

252 

10 02 

2 01 

16-10 

ftom (2). (T. lams) 

' -1^8 


When partially-bunted plants are considered, the influence of the 
fungus is shown in the following average figures obtained by classifying 
the heads as healthy, serai-bunted and completely-bunted. Where the 
infection of the head was complete the height was reduced by 15 and 19 
per cent, in the two series, but where the infection was partial the height 
varied from apparently healthy tillers by only 1 and 7 per cent. In 
these plants, therefore, the height of individual tillers shows the same 
correlation with the degree of infection as the average height of tillers 
on plants when these are classified on the same basis with the single 
plant as the unit. 
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Table VI. 


Showing the average height of fiUera from plants partially bunted. 
Hen Gymro, 1924. 


Series 
Small grain 
Laige „ 


Healthy Semi-bunted Completely-bunted 

ears ears ears 

cm. om. cm. 

96-7 96-7 82-0 

104*5 97-2 84*4 


The weight of straw is clearly a function of the number of tillers at 
maturity and their height. In these experiments, with the exception of 
the semi-bunted plants in the large-grain series 1924, the bunted units, 
in spite of their superiority in the number of tillers fall slightly below 
the control plants in weight of straw. 

As has been stated, measurements on height were made throughout 
the growing season at weekly intervals. For the first month (1925) no 
constant difference between the bunted series and the control was ob- 
tained, the bunted (T. tritici) leading slightly in measurements of the 
first and third tillers, while the reverse condition held in the case of the 
second tiller. An indication that bunted plants were falling behind the 
control in growth appeared in the measurements obtained in May and 
June, which were as follows: 


Average height in cm, of healthy and hurded plants. 

May 27th June 3rd June 10th June 17th 

Healthy 51 64 79 88 

Bunted (7^. 49 62 78 85 

It is obvious that with such a small average difference bunted plants 
could not be detected by the eye on this character^. 

While dealing with the retarding influence of the fungus on growth 
it is interesting to find that in 1925 where data were obtained on the 
weight of roots, a significant difference amounting to 23 per cent, was 
shown in favour of the control plants as compared with those infected 
by T, tritici. 

Turning now to the question of tillering, the fungus has apparently 
the reverse effect to that recorded for growth in height. In 1924 with 
both series of plants the healthy controls showed fewer heads at harvest 
than plants which were completely bunted, the difference being approxi- 

^ It was necessary to obtain measurements on each plant in the series and re-group 
them at a later date when the plants could be classified on the presence and absence of 
bunted grain in the ear. 

Ann. Biol, xiv 
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mately 14 pei cent, in each case (Table IV). In 1925 bunted plants 
{T. tritid) again showed increased tillering as compared with the control 
(Table V). At harvest the differences amounted to only 8*4 per cent, as 
compared with 14 per cent, with Hen Gymro in the previous experiment, 
but the difference was more striking when the plants were compared 
at the period of maximum tiller development. In Fig. 1 the relative 
tillering of the three series of plants is shown graphically for the complete 
growing period. In this character the two species of TiUetia showed a 



7 8 9 10 11 12 13 14 15 16 27 

Weeks maturity. 

Fig. 1. Graph showing the average number of tillers per plant at weekly intervals. 
Healthy and bunted plants. Variety; Ajm! Bearded. Sown March 4th, 1926. 

remarkably close parallel. In the fourteenth week when the maximum 
number of tillers was recorded the bunted plants of both series showed 
an increase of 16 and 17 per cent, respectively over the control. 

In another experiment in which the plants were grown in rows under 
field conditions a similar difference in tillering was recorded between 
bunted and healthy plants, although owing to the influence of compe- 
tition the actual number of heads produced at harvest was much smaller 
than in the pot experiments here described. The figures for this experi- 
ment are as follows; 
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Showing rdative tittering of hedUhy and hunted plants grown in rows 
under field conditions, 1924. 


Total number 


Number of plants of heads at 
Variety examined harvest 

Hon Gymro, 24 pure line selections: 

Infected {T, tritici) 666 2007 

Healthy 269 820 

Twelve other varieties (T, vulgare): 

Infected {T. tritici) 74 233 

Healthy 163 473 


Avera'^e number 
of hea Is per 
plant 


3*55 

3-05 


315 

2*90 


Before leaving the question of growth and 3 deld, reference should 
be made to the data obtained in this connection from plants derived 
from bunt-contaminated seed which failed to show any diseased grain 
in the ear, and were classed, therefore, as “apparently healthy/’ In 
both seasons’ experiments such plants were found to agree more closely 
as regards height, length of ears and weight of roots (one season) with 
the healthy plants in the control series than with the plants obviously 
bunted. The same is true also in regard to tillering with the exception 
of the T. laevis series in 1925. In these experiments the plants gave in 
most cases even slightly higher figures than the healthy control plants, 
suggesting that they had perhaps escaped or grown away from the 
disease by reason of their extra vigour. The number of such plants 
which came under investigation is, however, too small to admit of re- 
liable conclusions on this point. In certain experiments conducted in 
Russia (10) “apparently healthy” plants raised from contaminated seed 
were found to occupy a position intermediate in regard to height 
between healthy control and obviously bunted plants. 

Except where special reference has been made to the tillering of 
plants affected by T. laevk in the 1925 experiment, the above conclusions 
refer to the species T. tritici. From Table V it is evident that the plants 
affected by T, laevis show in their length of straw, weight of straw and 
weight of roots, only slight differences when compared with healthy 
control plants. In regard to height the difference though slight is in the 
same direction as that shown by the plants infected with T, tritici. That 
the retarding influence of T. laevis on growth in height is considerably 
weaker than that of T, tritici has been stated by Potter and Coons (ii) 
in America, and a similar result was obtained in one set of experiments 
by Mourashkinskiao). 


7—2 
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Special attention was paid in these experiments to the possibility of 
distinguishing bunted and healthy plants in the early growth stages, 
particularly as it has been stated that infected plants are more luxuriant 
in growth and darker in colour. The first point appears to be true in 
so far as the average tillering capacity is concerned, but this feature was 
not sufiSciently marked to make it possible to identify with certainty 
bunted plants without examination of the ears. The writers failed also 
to detect any constant variation in the colour-shade of the vegetative 
organs, but a distinct difference in colour was apparent in the ears, 
especially towards maturity. Healthy ears changed from green to yellow 
before those that were diseased, and there came a period when the 
bunted plants were conspicuous by reason of the dark or blue-green 
colour of the pales and glumes. At an earlier stage of development the 
infected plants could only be recognised by opening the sheath and 
examining the young ovaries. As described by Barrus(i) the ovary of 
bunted plants is then considerably swollen and bright green in colour, 
the stamens are short and the anthers greatly reduced in size. No ex- 
sertion of anthers takes place from bunted flowers, a fact which serves 
as a further distinguishing mark of infected plants when the ear has 
emerged from the sheath. 

The white appearance and the spreading position of the glumes in 
ripe bunted ears is as familiar as the rounded form of the bunted grains. 
In some ears affected by T, laevis abnormally long grains were found, 
in some cases stretching as far as 0*5 cm. beyond the pales. On closer 
examination it was found that the shape of the grain could not be used 
as a reliable means of distinguishing the two species of TiHetia and it 
was necessary to resort to the microscope and to determine the character 
of the spore wall. 


IV. Summary and Conclusions. 

Summarising the results of the experiments described in the present 
paper, it is evident that bunt has a distinct influence on vegetative organs 
of the plant in addition to the well-known effect on the grain. Both 
species which cause bunt, Tilletia trUid and T. laevis, were included in 
one experiment only, from which it appears that the influence of the 
latter species, while tending in the same direction, was distinctly weaker 
in its effect than T. tritid. This conclusion is in harmony with the results 
of other workers ( 4 , lo, ii). 

The following conclusions refer to T. tritid, with which species the 
work was mainly carried out; 
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( 1 ) Soil germinalim and edablU^ 

The actual percentage of germination has not been found to difEer 
appreciably in bunt-free and bunt-contaminated samples, but in one 
experiment a considerable difference was manifest in the final establish- 
ment, the bunt-free samples showing an increase of 25-37 per cent, 
when compared with those which were contaminated with spores before 
sowing (Table I). The greatest difference (37 per cent.) was shown by 
the variety Browick, which gave the lowest establishment figure and 
had presumably suffered most intensely from the unfavourable climatic 
conditions, 

(2) Early growth. 

The first visible symptoms of a retarding influence on growth are 
not always manifest at the same stage of development in the wheat 
plant. Under one set of conditions (p. 92) the effect was clearly shown by 
plants in the seedling stage, since those derived from bunt-contaminated 
seed differed from the control by 14-17 per cent, in height, and 16-20 
per cent, in the dry weight of 100 shoots. In another experiment (p. 97) 
where a considerable reduction in height was evident at maturity the 
plants showed no appreciable effect during the first ten weeks of growth. 

(3) Tillering. 

In the matter of tillering the influence of the fungus was in the 
opposite direction to that recorded for growth in height, bunted plants 
at the period of maximum tiller development producing in one experi- 
ment 16 per cent, more tillers than healthy plants grown under precisely 
the same conditions. At maturity in both cases the number of heads 
was considerably less than the total number of tillers produced, but 
bunted plants still showed an increase over those that were healthy 
(Experiments III and IV). 

A similar difference was noted in the case of plants grown in rows 
in the field^. 

(4) Length of straw at maturity. 

A reduction in the length of straw appears to be one of the most 
constant results of the influence of the fungus on vegetative growth. 
It will no doubt be shown that the degree of reduction varies with the 
variety, the season and possibly with the origin of the spores used for 
contamination. In the experiments here described a reduction in height 

^ Increased tillering and reduced height have been recently described in oat plants 
affected by loose smut (VsiUago avenue) (14). 
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amounting to 16-19 per cent, in the case of Hen Gymro and 13 per cent, 
in the case of April Bearded was recorded. It was shown moreover 
that the reduction was considerably greater in the case of tillers carrying 
heads in which every grain was bunted than in the case of those bearing 
both healthy and bunted grain. 

(6) Length of ripe ear. 

In the case of Hen Gymro wheat the fungus showed a slight retarding 
effect on the length of the ear, while in the variety April Bearded the 
bunted ears were, if anything, slightly longer than the normal. More data 
are desirable on this point, since the influence on this organ is probably 
largely determined by the morphology of the ear in any particular variety. 
It appears to be generally recognised that ears of the compactum type 
are abnormally narrow and long when bearing bunted grain ( 6 , 15 ). 
Plate VII shows bunted and normal ears of T. vulgare var. Standard Red, 
which possesses normally relatively wide, dense ears. For comparison 
are shown healthy and diseased heads of Hen Gymro, which has ears 
characteristically lax. 

(6) Root development. 

In one experiment where data were obtained on the dry weight per 
100 plants of the roots at maturity a significant difference was apparent 
between bunted and healthy specimens, the former showing a decrease 
of 22 per cent. 

From the practical point of view, where the final yield of healthy 
grain is of primary consideration, the most important aspect of the 
question, apart from the effect on the grain itself, is probably the in- 
fluence of the disease on establishment and early growth. It is of course 
recognised that any check which the plant receives in the early stages 
of growth will be exaggerated later in the case of plants placed in compe- 
tition with healthy individuals, as must happen in a partially bunted 
field crop. The full extent of the retarding influence on growth was 
possibly not exhibited in certain of the experiments under review since 
the bunted plants were not seriously subject to competition. 

Since it has been shown that the presence of the parasite tends to 
increase tillering, the reduction in heads at harvest which was a striking 
feature of previous treatment experiments must be attributed either to 
the stimulating effect of the chemical used for treated lots, or to the 
depressing influence of bunt on establishment in the field. From the 
data here given the second alternative seems the more feasible, but since 
the influence of bunt on establishment is, perhaps more than any other, 
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likely to be afEected by seasonal conditions and to differ with the variety 
and the origin of the seed, it is desirable to obtain further data on this 
aspect of the problem, using a large number of seed samples and varieties 
and a wide range of environmental conditions. 
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EXPLANATION OF PLATES Vi AND Vil 

PLATE VL 

Seedlings raised from bunt-contaminated and bunt-free grain of the same variety — 
Marshal Foch — sown Novombor 17th, 1925. The bunted sample is on the left in 
each case. 

(1) Heated glass-house, seedlings 8 weeks old, partially sterilised soil. 

(2) Cold glass-house, seedlings 16 weeks old, partially sterilised soil. 

(3) Cold glass-house, seedlings 16 weeks old, non-sterilised soil. 

(4) Open cage, seedlings 16 weeks old, non-sterilised soil. 

A distinct difference in height was shown in both types of soil between the bunted 
and healthy plants raised in the cold house (2) and (3). 

PLATE Vn. 

(1) Bunted and healthy ears of T* vulgare, variety Standard Red. 

(2) Bunted (B), healthy {H) plants of T. vulgare, variety Hen G3rmro derived from con- 
taminated grain. 

(3) Healthy and bimted ears of T. vulgare^ variety Hen Gymro. 

{Received August 9th, 1926.) 
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THE INCIDENCE AND INTENSITY OF PUGCINIA 
GLUM ARUM ERIKS. AND HENN., ON WHEAT 
INFECTED AND NON-INFECTED WITH TILLETIA 
TRITIGI WINTER, SHOWING AN APPARENT RE- 
LATIONSHIP BETWEEN THE SUSCEPTIBILITY OF 
WHEAT PLANTS TO YELLOW RUST AND TO BUNT 

By W. a. R. DILLON WESTON, M.A. 

{School of Agriculture, Cambridge.) 

(With 1 Diagram.) 

It is the custom on the University Farm, Cambridge, to carry out various 
experiments on the control of the bunt fungus, TiUetia tritid. The 
following note records an interesting relationship, observed during the 
past season 1925-6, between yellow rust of wheat, Puednia glumarum, 
and bunt, or stinking smut of wheat, TiUetia tritid. The wheat in the 
main block of experiments was sown in October 1925. In May it was 
observed that certain plots were more yellow than others, and that the 
yellowing was largely due to a severe attack of yellow rust. Later, when 
it was possible to identify the plants that were infected with bunt, the 
plots were more critically examined and it was seen that the bunted 
plants were all very badly rusted. Since the variety of wheat on which 
detailed observations were kept was Little Joss, this correlation between 
bunt and yellow rust was interesting. Little Joss wheat is a cross be- 
tween Square Head’s Master which is neither markedly resistant nor 
markedly susceptible to yellow rust, and a Russian wheat, Ghirka, 
which is only slightly susceptible. The degree of rust resistance of this 
hybrid. Little Joss, compares with the rust resistance of the Ghirka 
parent. 

It is often noticed, however, that in a year when yellow rust is severe 
Little Joss wheat becomes infected quite early in the season; later, 
as the plants deve!op, they “grow away” from the disease and when 
the plants are in ear only an occasional pustule is found upon the leaves 
and this generally does not break through the epidermis. 

Supporting the evidence of this apparent relationship between bunted 
and rusted plants there is an isolated observation by Armstrongd) which. 
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of direct value, confirms the conclusions which have been drawn from 
the experiments. The following quotations are selected from that paper: 

Page 87: “The two extracted rust-resistant types and American Club 
continued to show very high resistance to attack, but in a few cases this 
resistance had apparently been more or less broken down. These cases 
will be noticed after first comparing the number of such apparent 
“breakdowns” on the different beds.” 

Page 88: “ On bed B (row 2), 1 plant was slightly flecked, and another 
bore a few imbroken pustules on one blade. In row 10 the 4 plants 
remained free from infection. In row 6 there were only 2 plants; one 
of these had 4 leaves badly attacked, and on these over 200 pustules 
were counted, many of which were freely shedding spores. Some weeks 
later it was discovered that this plant was also infected with bunt 
(TiUetia caries).^* 

On the same page there appears the following as a footnote: “Since 
then another similar case has been observed. In an JPg culture (from the 
cross Wilhelmina and American Club) raised from an immune plant 
all except one plant were rust-free. This odd plant was very severely 
attacked by rust, and was also found to be infected with bunt,^* 

In one series of experiments wheat had been sown, weekly from 
October 1925 to March 1926, each plot being of six rows, a row being 
16 ft. This wheat had been contaminated prior to sowing with “bunt 
balls” obtained from Little Joss wheat growm in 1925, It was con- 
taminated at the rate of 1 part by weight of “bunt balls” to 25 parts 
of weight of wheat; from this stock the requisite amount of wheat was 
weighed out and sown weekly. On July 1st 500 leaves were picked at 
random from each of these 24 plots. These leaves were examined in the 
laboratory for the presence of rust and recorded as having none, slight, 
moderate or severe. A leaf was recorded as severely rusted if the whole 
or I of its surface was completely yellow with rust pustules, moderate 
if J to below I rusted, slight if from a few scattered pustules or streaks 
to below J rusted. In such a crude classification the main difficulty is 
in determining whether a leaf is, or is not attacked, since with this 
variety there are peculiar fleckings on the leaf, and, on these, pustules 
of yellow rust may, or may not be present. Since the proportion of slight 
to none, on this account, was thought to be of little value as an indica- 
tion of intensity of attack, the number of leaves showing a moderate 
attack was added to the number showing a severe attack. The total, 
expressed as a percentage of the whole sample (500 leaves) was taken, 
in what follows, as the “Intensity of yellow rust attack.” Table I shows 
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the values of intensity of rust attack for the series of weekly sowings 
of bunt-infected “seeds.” 

At a later date the percentage of bunted ears in these plots was 



Diagram T. Showing a correlation between the intensity of a yellow rust attack and the 
percentage of bunt in experimental plots of wheat artiiically contaminated at a 
uniform rate (1-25) with bunt balls and sown weekly from 19. 10. 25 to 29. 3. 26. 


estimated by taking a count of 1000 ears from a diagonal band across 
every plot. 

In Diagram 1 the percentile of bunt and the percentage of rust are 
plotted against the date of sowing. The general trend of values suggests 
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Table I. 

Showing the intensity of yellow rust aitacky and the percentage of bunt, on 
Little Joss wheat soum weekly from October 19iA, 1925 to March 29iA, 


Date of 
sowing 

Intensity 

of 

yellow rust 
attack 

Percentage 

of 

bunt 

Date of 
sowing 

Intensity 

of 

yellow rust 
attack 

Percentage 

of 

bunt 

19. X. 25 

33-6 

68-2 

11. i. 26 

32-8 

66-2 

27. X. 25 

23-6 

51-9 

19. i. 20 

31-2 

37-4 

2. xi. 25 

26*4 

52-8 

26. i. 26 

38-4 

47- 1 

9. XL 25 

22 

31*8 

1. ii. 26 

30-2 

40-8 

16. xi. 25 

18-8 

41-6 

8. ii. 6 

17 

36*8 

23. xi. 25 

34-8 

60-3 

15. ii. 26 

15-4 

30-4 

30. xi. 25 

37-3 

71-6 

23. ii. 26 

6 

32-9 

7. xiL 26 

44 

581 

2. iii. 26 

5 

140 

14. xii. 25 

44*6 

61-3 

8. iii. 26 

7 

15*4 

21. xii. 25 

40-6 

60*5 

15. iii. 26 

7-8 

39 

28. xii. 25 

38*8 

63-6 

22. iii. 26 

8*4 

31 

4. i. 26 

35*6 

61*5 

29. iii. 26 

0-8 

10 


a definite association between the incidence of rust and bunt in this 
experiment. It may be, however, that this connection between bunt 
and rust is spurious. This is to say, it can be argued that, since this 
wheat was sown on 24 different dates, it was offered 24 different en- 
vironments, and that these were variably favourable to both the diseases 
and that is the true reason why the relationship between their incidence 
shows up. From the evidence in Tables II and III this is unlikely since 
in Table II, Plot 1, the percentage of bunted ears is 90 and the lowest 
percentge of rust is 72. On Plot 4 in a count of 1000 cars there was no 
bunt and the highest percentage of rust is 2*6. Now Plot 4 was sown 
within an hour of Plot 1 on the same day. Consider Plots V to XII; 
these also were sown within a short time of each other on the same day, 
yet as the percentage of bunted ears increases with the heavier con- 
tamination of “ bunt balls,” so does the percentage of yellow rust increase ; 
and, as the copper carbonate treatment reduces the percentage of bunted 
ears, so is the percentage of yellow rust reduced. It is a logical con- 
clusion to assume a definite correlation between the two diseases. 

In a second series of experiments, and these were the most con- 
vincing, Little Joss wheat was contaminated with different amounts of 
“bunt balls” and sown on the same date. The percentage of bunt and 
the intensity of rust attack were estimated in the way already described, 
but where 100 leaves only were examined the uppermost leaf of the 
stem was observed. These estimates are recorded in Table II. They show 
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Showing a rdationship between intensity of yeMow rust and the percentage of hunt in plots 
of Litlle Joss wheat which have been contaminated at varying rates with “bunt baUs.” 


Total Percentage of yellow rust 

No. of ^ ^ Per- 


Plot number and 
treatment 

I 

Untreated (1 part by weight of 

Date of 
observation 

leaves 

exam- 

ined 

None 

Slight 

Moderate Severe 

None 

4" 

Slight 

Moderate centage 
+ of 

Severe bunt 

20. vi. 2b 

100 

11 

17 



28 

72 ) 

bunt balls to 25 partes by 

24. vi 26 

1993 

8-2 

6 

— 



14-2 

85 8 J 90 

82 1 

weight of wheat) 

II 

Copper carbonate dasted 3 or.. 

13. vii. 26 

100 

10 

8 

13 

69 

18 

20. vi. 26 

100 

75 

25 

0 

0 

100 


to the bushol. Contamina- 

13. vii. 20 

100 

51 

28 

5 

16 

79 

21 \ 10-2 

lion 1 : 25 J 

III 

Steeped copper sulphate 2 J % 

20. vi. 26 

100 

5ti 

43 

1 

0 

99 

}} 2-5 

Contamination 1 . 25 

13. vii. 26 

100 

74 

25 

1 

0 

99 

IV 

Steeped formaldehyde 1 : 210. 

20 vi 26 

100 

55 

41 

1 

0 

99 

iei 0 

Contamination 1 : 25 

24. vi. 26 

1554 

92-3 

51 

— 

— 

97*4 

y 

13. vii. 26 

100 

84 

16 

0 

0 

100 

0 1 

Dusted copper carbonate 3 o/. 

14. vii 26 

100 

43 

36 

1 

20 

79 

21 11-5 

per bushol. Contamination 

1 : 25 

VI 

Untreated Contamination 

20. VI. 26 

100 

17 

10 

— 


27 

73 1 

1 :25 

24. vi.20 

512 

99 

18 

— 

— 

11-7 

94 


5. vii. 26 

500 

102 

138 

33*8 

422 

24 

76 ) 

VII 

DusUhI copper carbonate 3 oz. 

11. vii. 26 

100 

45 

49 

3 

.3 

94 

6 5 

per bushel Contamination 

1 : 50 

VIll 

Untreated. Contamination 

20. vi. 26 

100 

24 

17 

- 


41 

59 , 

1 :50 

24. vi. 26 

m 

21 

7 

— 

— 

28 

72 1 .o 

65'2| 


5. vii. 26 

500 

22 

12-8 

25-2 

40 

34-8 


14. vii, 26 

100 

18 

.30 

7 

45 

48 

52 ' 

LX 

Dusted copper carbonate 3 oz. 

1 1. vii 26 

100 

52 

IT 

0 

1 

99 

1 3 

per bushel. Contamination 

1 :100 

V 

Untreated. Contamination 

20. vi. 26 

100 

36 

33 



69 

31 j 

1 :100 

24. vi.26 

360 

30*2 

9-5 

— 

— 

39-7 



14 vii. 26 

100 

45 

25 

25 

5 

70 


5 vii. 26 

500 

31*2 

25 

25-2 

18-6 

56*2 

438 1 


Dusted copjier carbonate 3 oz 

H. vii. 26 

KK) 

22 

69 

7 

2 

91 

9 09 


per bushel. Contamination 
I :500 


XII 


Untreated. Contamination 

20. vi. :>6 

100 

73 

19 

- 


92 



1 :500 

24 vi 26 

377 

52-8 

11-7 

— 

— 

64*5 

35-5 1 

1 * 


5. vii. 26 

499 

431 

451 

9-2 

2-6 

88-2 

12-8 1 


14. vii. 26 

100 

44 

21 

8 

27 

65 

35 J 

1 

XITI 








83 


Untreated. Contamination 

13, vii. 26 

100 

7 

10 

15 

68 

17 

92 5 

1 ;25 










LVIII 







96-7 

3-3i 


A clean sample of seed (?) sown 

24. vi.26 

216 

60-6 

361 

— 

— 

1 

in non-infected (?) ground 

8.viL26 

499 

19-6 

66*5 

12*7 

1-2 

86-1 

13-9 

1 

13.vu.26 

100 

47 

52 

1 

0 

99 

1 1 

1 

XXXII 






18-2 

50*4 

496 


Untreated. Contamination 

8. vii. 26 

500 

13 

37-4 

31-4 

} 86-2 

1:25 

10. vii. 26 

500 

13-8 

26-8 

34-8 

24>6 

406 

59-4 



no 


Yellow Rust and Bunt of Wheat 


Table III. 

Showing intensity of yellow rust on varieties o wheat infected 



and non-infected ivith bunt. 




A 

B 



Yellow rust intensity 

Yellow rust intensity 



in 100 bunted 

in 100 tillers 

Variety 


tillers 

free from bunt 

Wilhelmina ... 

. ... 

100 

2 

Rector 

... 

100 

35 

Benefactor ... 

... 

98 

48 

Square Head's Master 

100 

10 

Victor 


98 

6 

Marshal Fooh 


100 

8 

Iron 


100 

0 

Yeoman 


00 

22 

Little Joss ... 


100 

0 

Rivet* 


90 

0 

Red Marvel ... 


93 

35 

* Intensity slight, not strictly comparable with intensity in the other varieties. 


Table IV. 


Showing the intensity of rust attack 

on the first four leaves of each of 100 

tillers of Rivet wheats 57 having bunted ears, the remainder being free 

from bunt. 




Intensity of 

Uppermost 

Second Third 

Fourth 

rust attack 

loaf 

leaf leaf 

leaf 

None 

40 

40 36 

17 

Slight 

10 

12 9 

11 

Moderate 

48 

46 55 

68 

Severe 

2 

2 1 

4 


a relationship between the intensity of yellow rust and the percentage 
of bunt in plots of Little Joss wheat which has been treated in various 
ways and has previously been contaminated at varying rates with “ bunt 
balls.” In the last series to be described in this note various English 
varieties of wheat were contaminated at the rate of 1 part by weight of 
“bunt balls” to 25 parts by weight of wheat, sown, and observed for 
bunt and rust. 

These observations are in Table III ; they show the intensity of yellow 
rust on wheat plants, affected and non-affected with bunt. In recording 
the observations tillers were taken at random throughout the plot; if 
the tiller had a bunted ear it was recorded in column A, if it was free 
from bunt it was recorded in column B. Since this was a field examina- 
tion, in estimating the intensity of rust, the uppermost leaf was examined, 
and if showing a slight (+), moderate or severe attack was described as 
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rusted. Rivet wheat appeared the least susceptible to yellow rust. 
Previous to the above observations on Rivet wheat this same variety 
was examined on July 10th. One hundred tillers at random were up- 
rooted and examined leaf by leaf and the intensity of rust recorded. 
These estimates are in Table IV ; they show the intensity of rust attack 
on the first four leaves of each of the 100 tillers of Rivet wheat, 57 of 
which had bunted ears, the remainder being free from bunt. 

In Table III there is a further possibility of spurious relationship, for 
it is possible that the tillers which were both rusted and bunted were 
the very late ones, and it is possible that mere lateness made them prone 
to both diseases. From the above evidence and from general eye im- 
pressions on badly and slightly bunted plots it appeared to the writer 
that this was not the true explanation, but that in the season 1925-6 
there was a very close correlation between yellow rust and bunt, inso- 
much as bunted plants were definitely more rusted than plants free 
from bunt; and, in the case under consideration, it was evident that 
infection of Little J oss wheat with the bunt fungus was, in effect, capable 
of breaking down the resistance that Little Joss has, in its later stages, 
to Puccinia glumarum. 

The authors (2) of Research Monograph No. 4, Ministry of Agriculture 
and Fisheries, describe how the and cultures of the cross between 
Wilhelmina and American Club were made use of to test the possibility 
of breaking down the resistance to yellow rust by manuring excessively 
with soluble nitrogenous manures. They describe how various “doses*’ 
were given to the cultures, the maximum corresponding to the rate of 
some eight hundredweight of nitrate of soda per acre. They state that, 
“though the season was unfavourable for rust, and comparatively little 
was to be found on the other wheat plots, the susceptible cultures were 
severely attacked whilst those raised from resistant JFg plants, though 
examined leaf by leaf from the late spring until the foliage began to die 
off, remained free, with the exception of an occasional pustule which 
did not break through the epidermis.*’ On the evidence that is produced 
below it appears to the writer that rust resistance which cannot be 
broken down artificially by the use of soluble nitrogenous manures may 
be broken down by natural contamination of seed wheat with the bunt 
fungus. It is suggested that Little Joss, to be completely resistant to 
yellow rust, would need to be resistant to certain other fungoid diseases 
of which TUletia tritici is one. The converse, however, that a wheat 
variety immune to bunt must be immune to yellow rust does not follow, 
since wheat varieties resistant to bunt that we have had under observa- 
tion for two years have been badly rusted. 
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Summary. 

In the season 1925-6 an interesting relationship was noticed between 
yellow rust of wheat, Puccinia glumarum and bunt or stinking smut of 
wheat, TUletia triJLici\ it was observed that: 

1. Bunted Little Joss wheat plants were badly rusted and that 
plants free from bunt were free or comparatively free from rust. 

2. Bunted plants of other wheat varieties were definitely more 
rusted than plants free from bunt. 

3. It is suggested that rust resistance which cannot be broken down 
artificially may be broken down by natural contamination of wheat with 
the bunt fungus. 
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L Introduction. 

The observations recorded in the following pages are from experiments 
upon mosaic disease of potatoes carried out during the three or four 
years previous to the end of 1925 and deal with the part played by 
insects in its dissemination. 

The first and most important step was definitely to ascertain which, 
if any, of the insect fauna of the potato plant were instrumental in 
transmitting this virus disease, and this was the object of the experi- 
ments here detailed; such points as the optimum condition of plant 
and insect for infection, the actual organ or organs in the body of the 
insect which contain the virus and the possibility of inherited infectivity 
in the insect, etc., are left for future study. 

The writer is indebted to Dr George H. Pethybridge for kindly 
criticising the ms. Acknowledgments are also due to Dr James Davidson 
for suggestions regarding the insect-proof cages, to Mr H. Britten for 
taking some of the photographs, to Dr T. Whitehead for supplying some 
of the mosaic-infected potato tubers, and to Mr Theobald and Dr C. L. 
Walton for supplying some of the aphides. 

Ann. Biol, xiv 
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2. Technique. 

In view of the great difficulty experienced by workers on virus 
diseases of the potato in obtaining an absolutely insect-proof, and espe- 
cially aphis-proof frame, it may not be out of place to describe the 
various types of cage used in these experiments prior to the adoption 
of the frame now in successful use. 

Two types of wooden frame covered with fine quality muslin of 
twisted linen thread were first used, the earlier type made of inch square 
laths, 2| ft. high by 4 ft. long. This was soon discarded for the second 
type of wooden frame which was 4 ft. high by 6 ft. long and was divided 
into three compartments, each compartment holding one plant, screened 
from its neighbour by a canvas partition. A small trap door gave access 
to the plant. The bottom of the frame was provided with a strong 
tarred base which enabled the whole structure to be sunk in the ground 
to a depth of 6 in.; the frame was covered with a strong linen net. 
Neither of these wooden frames proved very efficient, aphides gaining 
entrance in a number of cases. Probably the ill-success of these frames 
was due more to the failure of the material covering them, than to any 
defects in the construction of the frame itself. Many kinds of material, 
both metal and fabric were tried, but all succumbed to the unusual 
acidity of the Manchester atmosphere and it was not until the frame, 
now in use, was evolved that a really aphis-proof structure could be 
found. The next attempt at an insect-proof cage consisted of a large 
glass cylinder covered with a canvas top which was placed over the 
growing plant. This proved to be effective so far as excluding aphides 
was concerned, but the conditions prevailing inside the cylinder were 
such as to “draw” the plant unduly. These cylinders proved however 
to be of the greatest use for breeding upon infected potato plants the 
insects, which were later to be used as carriers of the \nrus. 

‘Finally, a cage which was insect-proof and which yet allowed the 
plant to grow fairly normally, was obtained. This is a modification of 
one used by Davidson in his aphis work at Rothamsted, and is illus- 
trated in Text-fig. 1 . It consists of a circular framework made of brass • 
wire, 18 in. in diameter and 3 ft. 6 in. high. The base of the frame is 
fitted with a cylinder of heavy galvanised iron, which allows the 
structure to be sunk to a depth of 6 in. in the soil. Over the frame is 
fitted a cylindrical covering made of strong unbleached calico, and this 
is doubly bound with tarred twine round the top of the iron base to 
prevent slipping. It was found necessary to use brass wire for the frame- 
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work, as iron wire, even if tinned over, rusted through the canvas. This 
cage was used successfully for the transmission experiments in 1925. 
In 1926 it was further improved and will be described in the account of 



1. The brtiijs tramewuik the edges used iii the 1925 experiments 3 fl. ti in 
in height and 1 ft. <» in in diameter. The eylindrioal iron base which is sunk into the 
ground in sliou n 

that year’s oxjieriiiieats. Uue disadvantage of this* cage is that it has 
to be lifted bodily to gain access to the plant within, thus exposing the 
latter to the danger of chance infection by flying aphides, but with a 
little practice this can be avoided. 

3. Description of Experiments. 

The inoculations described in these preliminary experiments were of 
two kinds; that is, efforts were made to induce the various insects to 
inoculate a potato plant with mosaic disease (a) by feeding on the haulm. 
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{b) by feeding upon the sprouts of the tuber. In both cases the insects 
used were infected, or presumably infected, with the mosaic virus by 
being bred upon a “ mosaic” potato plant inside one of the glass cylinders 
previously described. 

It may be worth while briefly to outline the experiments prior to 
the year 1926, which, although negative in their results, were yet care- 
fully carried out and should possess some value. 

Experiments in years 1922-4. 

(а) Attempted transmission of mosaic by feeding infected insects 
upon the haulms of known healthy potatoes. In these experiments six 
of the large wooden frames were used and two single frames, and lettered 
A to H, The potatoes used were Great Scot and the source of infection 
was a number of Golden Wonder plants affected with mosaic in a mild 
form. The insects used were the aphides Myzus persicae, Myzus drcum- 
JlexuSy and the capsid bug Lygus pabulinus. 

Frame A, with three compartments, contained three plants, each 
from one quarter of the same tuber of Great Scot, while a fourth plant 
from the fourth quarter was isolated in a single frame G. Infected indi- 
viduals of Myzus persicae were then introduced into compartments 1 
and 3 of the frame while the plant in compartment 2 and the plant in 
frame 6 acted as controls. 

Frame B was treated similarly, except that Lygus pabulinus was 
substituted for the aphis, and the plant from the fourth quarter was 
isolated in a single frame H, The other four frames C, D, E, F, each 
with three compartments were treated in much the same way, using 
M, circumjlexus and M. persicae. In these, however, the tubers were 
cut into three parts, the plants arising from each one-third acting as 
controls to the two experimental plants from the two other thirds 
respectively. 

The results of this experiment, so far as it was carried, were entirely 
negative, both controls and experimental plants remaining healthy 
throughout the season. Owing to illness the writer was unable to save 
the tubers from these plants and grow them the following year; had this 
been done it is possible that some disease might have made itself evident. 

(б) The following sprout inoculations with aphides were also carried 
out in the same year as the above; 

(1) On May 11th, 1922, a number of adult females of Macrosiphum 
gei (~ solanifolii) were transferred to the sprouts of six' half-tubers of 
healthy Great Scot and placed in aphis-proof glass vessels. These aphides 
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had been breeding for 21 days upon a plant of Great Scot which was 
affected with mosaic disease. 

A similar number of adult females of M. gei from a known healthy 
Great Scot plant were transferred to the sprouts of the six remaining 
half-tubers of the healthy Great Scot and placed also in glass containers; 
these six halves acted as controls to the preceding ones. 

(2) The above experiment was repeated, using however another 
species of aphis (Myzus drcumflexus). The source of infection this time 
was a mosaic Golden Wonder, and the six control half-tubers were not 
fed upon by any aphides from a healthy plant. On May 24:th, thirteen 
days later, the half-tubers were cleared of aphides and planted. The 
twenty-four plants resulting proved healthy and remained so throughout 
the summer. 

Experiments in 1923. 

In 1923 another short series of sprout inoculations by means of 
aphides was carried out, this time using the species Myzus persicae and 
Macrosiphum. gei. The following is a brief description of these inocu- 
lations. 

(а) On May 18th, twelve adults of M. gei, which had been feeding 
for fourteen days upon a mosaic Great Scot, were placed six each upon 
two halves of Rhoderick Dhu tubers, the other two halves, untouched by 
insects, acting as controls. On May 23rd the aphides were removed and 
the four half-tubers planted. 

(б) On May IGth, twelve individuals of M, gei, from a mosaic Golden 
Wonder, were placed upon the sprouts of two half-tubers of Rhoderick 
Dhu, the other two halves acting as controls. The times of planting, 
etc., were as in (a). 

(c) The same as (6) but using Myzus persicae in the place of Mojcro- 
siphum gei and substituting Great Scot for Rhoderick Dhu. 

(d) In this experiment Myzus persicae from infected Great Scot were 
transferred to half-tubers of Edzell Blue. One half-tuber only used in 
this experiment. 

(e) M. persicae from mosaic Golden Wonder to half-tubers of Arran 
Chief. Times and numbers the same as (a), (6) and (c). 

Results of 1923 sprout inoculations. 

All the plants resulting from the half-tubers, both experimental and 
control, remained healthy throughout 1923. The following point of 
interest arises: in the experiment (d), it was noticed that the source of 
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mosaic infection, viz. the mosaic Great Scot (used in {d) only) upon which 
M. perstcae had been fed, was also showing signs of leaf-roll. Both plants, 
however, arising from the half-tubers — the inoculated and the control — 
which were grown under cover remained healthy, but on growing the 
progeny of these two plants the following year, out of a total of twelve 
tubers in (d) all gave leaf-roll plants without mosaic, and of the ten tubers 
of (dj) (the control) all were healthy. Conclusions cannot be based upon 
this isolated occurrence, but the suggestion might be made that M, per^ 
sicae had transmitted leaf-roll to the exclusion of mosaic. 

On April 26th, 1924, the tubers resulting from the 1923 sprout 
inoculations were planted with the following results : 

(а) Six experimental tubers gave all healthy plants; seven control 
tubers gave all healthy plants. 

(б) Five ex})oriraental tubers gave all healthy plants; five control 
tubers gave all healthy plants. 

(c) Six experimental tubers gave all healthy plants; four control 
tubers gave all healthy plants. 

(d) Twelve experimental tubers gave leaf-roll plants: ten control 
tubers gave healthy plants. 

(e) Six experimental tubers gave all healthy plants: three control 
tubers gave healthy plants. 

This concludes the account of the attempts made up to the end of 
1924 to induce insects to transmit mosaic disease of the potato. It is 
clear that the evidence of such transmission is almost entirely negative, 
and although aphides under certain circumslances may transmit potato 
mosaic disease, it seems certain that under other circumstances even 
when transmission might well be expected to occur, it does not 
do so. 

In 1926 the insect transmission work was restarted on a wider scale, 
with an improved technique in the shape of reliable insect-proof frames 
(Plate VIII, fig. 1), and extended to include all the usual Hemipterous 
insect fauna of the potato plant. These insects have already been carefully 
studied in regard to their methods of feeding (9) upon the potato plant, 
and certain theories have been put forward as to their capabilities as 
disease carriers deduced from this study of their feeding methods. It is 
hoped that these theories may be confirmed or disproved by the inocu- 
lation studies now to be described. 
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Description of 1925 experiments. 

The following insects were used in the 1925 experiments: 

HEMIPTERA. 

HKTEROPl^EUA. 

Capsidae. Calocoris bipunctalm. 

Lygus pahulinus. 

HOMOPl'ERA. 

Typhlocybidae. Zygina pallidifrons. 

Eupteryx auratus. 

Aleurodidae. Aslerochilon vaporariorum. 

ApHiDiTiAE. Myzus persicae. 

Myzus circumjlexus. 

Maxrosiphum (solanifolh) get. 

The work was divided into two parts: (a) the placing of infected 
insects on the shoots of sprouting half tubers; (b) the placing on the 
haulms of growing healthy plants of insects previously infected as a 
result of feeding upon mosaic diseased potato plants. In order to avoid 
introducing a possible complicating factor, the same variety of potato 
was used as far as possible for the source of insect infection and for the 
experimental transmission. This variety was President, the source of 
infection being plants affected with mild mosaic and the potatoes for 
infection being selected Scotch seed. 

The presumably infective insects for the experiments were raised as 
follows: 

Six mosaic plants were grown in 12-inch pots, each plant confined 
under a tall glass cylinder fitted with a gauze top. On these six plants 
the six species of insects used were fed. In every case am])Ie time was 
allowed for a given species of insect to become infected; in most cases, 
and especially with aphides, the insects were bred upon the infected 
potato plant. The capsid bugs were captured in the first and second 
larval instars and allowed to come to maturity under the glass cylinder 
upon the mosaic plant. 

(a) Inoculation experiments with insects upon the sprouts of tubers. 
These inoculations were entirely negative in their results and as such 
will be only briefly outlined. A number of half-tubers of President 
(other halves as control), were placed in glass vessels with canvas tops. 
On the sprouts of the experimental halves the infected insects under 
trial were placed, the number of insects introduced on each half-tuber 
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varying from six to twelve. It was foimd that this method of inocu- 
lation was extremely unsatisfactory for all the insects except the aphides. 
The leaf-hoppers and white-fly died without feeding upon the sprouts, 
and the capsid bugs were not observed to puncture the sprouts. 

The insects were placed upon the tubers on June 4th; they were 
removed on June 16th and the tubers then planted. 

All the plants resulting from both experiment and control were 
healthy with the exception of (a) and (uj) (Myzus persicae) where leaf- 
roll disease developed in both experiment and control. 

{b) Inoculation experiments with insects upon the haulm. These ex- 
periments were carried out upon two plots of land at the University 
experimental grounds, Fallowfield, Manchester. On Plot 1, the larger 
of the two, twelve selected tubers of President were used. Each of these 
was divided into two, and each half was grown under an insect-proof 
cage, thus giving twenty-four cages on this plot. The half-tubers were 
planted and earthed up, and the cage placed in position at the time of 
planting to avoid any accidental insect contamination. Prior to planting, 
the tubers had been kept in an insect-proof receptacle and each tuber 
was examined before being planted for any signs of sprout-infesting 
aphides or other insects. 

Plot 2 was treated similarly, using Great Scot in the place of President. 
In this case only twelve cages giving six experimental half-tubers and 
six controls were used, instead of twenty-four as with President. 

A photograph of one of these experimental plots is shown in Plate VIII, 
fig. 1, the frames being lettered in the case of President, as follows: 

President, 


Aphididab. 

Myzus persicae 

... G, Oj 


„ 

... H, 


M. solanifolii 

I, h 


,, 

... J, J, 


M. cifcumjlexus 

... K, 


,, 

... L, 4 

Aleubodidab. 

A. vaporariorum 

M, Mi 


,, ... ... 

... N, Ni 

Cafsidae. 

Calocoris bipunctatus 

... 0, 0, 


Lygus pabulinus 

P, Pt 

TyPHLOOYBIDAB. 

Eupteryx auratus 

... Q. Qi 


Zygina paUidifrons 

... R, Ri 
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The second symbol, Hi etc., indicates the control in each case. 
It will thus be seen that two tests were made with each of the three 
species of aphis and with the white-fly, but only one with each of the 
two species of capsid bug and leaf-hopper. With Great Scot the twelve 
cages were numbered 1 to 6, and la to 6a, the latter being the controls, 
thus giving one test to each species of insect. 

Description of transmission experiments with variety President. 

Plot I . 

The twenty-four half-tubers were planted and the cages placed in 
position on May 14th, 1925; and the following details are given con- 
cerning each experiment: 

Myzus persicae (insects from sprouting potato tubers). Twenty-four 
wingless females were placed on each of the two experimental plants on 
June 10th, the plants being then 6 to 8 in. high, healthy and free from 
insects. Four weeks later the two experimental plants were cleared of aphis 
by spraying. No accidental infection by other insects took place in either 
experiments or controls, all four plants were inspected at intervals and 
remained healthy to the end of the season when the plants were dug 
up and the tubers collected for growing the following year. G gave six 
tubers, Gi gave four tubers, II gave six tubers, //j gave two tubers. 

Mcu:rosiphum {solanifolii) gei. The insects originally came from a 
rose. The dates, numbers of insects and general procedure, were the 
same as in the preceding case. The plants remained apparently healthy 
throughout the season and no accidental contamination of either experi- 
mental or control plants took place. On harvesting, I produced eight 
tubers, produced three tubers, J produced five tubers and four 
tubers. 

Myzm circumjlexus (insects from chrysanthemum). Details of this 
experiment are as with the two other aphis species. 

In view, however, of the results obtained in 1926, after planting out 
the resulting tubers, the observations on these inoculations during 1925 
are given in full, as follows: 

K. June 3rd. Plant 6 in. high apparently healthy, no insects present. 

„ 10th. M. circumflexus introduced. Plant apparently healthy. 

„ 17th. Traces of mottling visible on the young leaves. 

„ 24th. July 2nd and July 6th. Mottling still present. 

July 7th. Plant sprayed. 

„ 13th. Aphides dead, mottling and puckering present, sug- 

gestive of mild mosaic. 
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June 19th. Plant apparently healthy, no insects present. 

„ 24th. Slight signs of mottling. 

July 2nd. Mottling still present. 

„ 6th. Mottling less distinct. 

„ 13th. Apparently healthy, no insects present. 

L, June 3rd. Plant 6 in. high, no insects present, apparently healthy. 

,, 10th. M, cifcumjlexus introduced. 

„ 17th. Slight mottling visible on young leaves. 

„ 24th. Mottling still present. 

July 2nd. Mottling more pronounced. 

6th. Mottling and puckering developing. 

7th. Plant sprayed. 

„ 13th. Aphides dead, mottling still present, 

ij. June 19th. Plant healthy, no insects present. 

,, 24th. Some signs of mottling. 

July 2nd. Some symptoms of mosaic. 

,, 6th. Symptoms increased. 

„ 13th. Symptoms still persisting. i)lant free of insects. 

On harvesting, K gave three tubers, gave five tubers, L gave 
seven tubers (very small), Li gave three medium-sized tubers. 

AsterocMton vaporariormn, white-fly. 

Twenty-four individuals of the greenhouse white-fly were placed 
upon each of the two plants M and N on June lOth, the plants being 
then about 6 in. high, healthy and free from insects. The white-fly 
continued to feed on these potato plants until July 13th when the plants 
were sprayed. Both experimental and control plants remained appa- 
rently healthy throughout the summer, and on harvesting gave the 
following numbers of tubers : M gave four tubers, My gave two tubers, 
N gave six tubers, Ny gave three tubers. 

Calocoris bipunctatus, Lygus pabulinus, Capsid bugs. 

On June 29th, twelve individuals of the two species of capsid bug 
were placed upon the plants 0 and P. 6\ bipunctntus on 0, and L. pabu- 
linus on P. On July 13th the plants were examined, the capsid bugs 
were still living and the plants showed a certain amount of damage from 
the feeding of the bugs, but were otherwise healthy. 

Both plants and their controls remained healthy throughout the 
summer, On harvesting, 0 gave three tubers, Oj gave two tubers, 
P gave three tubers, P^ gave five tubers. 



K. M. Smith 


123 


Eupteryx auratus, Zygina pallidifrons. Leaf-hoppers. 

Twelve individuals of E. auratus and twelve of Z. pallidifrons were 
placed on June 16th on the two plants Q and R respectively. The 
plants were inspected at weekly intervals till July 13th when they were 
sprayed, leaf-hoppers were still present on that date, and in the case 
of Q, the plant though badly marked by the leaf-hoppers appeared 
otherwise quite healthy. On June 22nd both R and R^ showed un- 
mistakable signs of mosaic infection, these two plants were therefore 
discarded and this experiment repeated. New half-tubers were planted 
on June 22nd and the insects placed on the plants on July 10th. Both 
R and Q and their controls remained apparently healthy except for the 
puncture marks of the leaf-hoppers. On harvesting, Q gave four tubers. 
Qi gave three tubers, R gave four tubers. R^ gave four tubers (large). 

Plot 11. 

In this plot as already described twelve cages only were used, giving 
six experimental frames and six controls, the variety Great Scot was 
substituted for President. The same insects were used as in the fore- 
going, there being, however, only one inoculation test with each species 
of insect, viz. one ca[)sid {C. hipunx^ahis) and one leaf-hopper (Z. pallidi- 
fro7h^) being used 

The results of this experimental plot were entirely negative, both 
inoculated and control plants remaining healthy throughout the summer. 
On removing the cages and digging the plants at the end of September, 
it was found that no tubers had been formed; further observations were 
therefore im])ossible. 

The tubers resulting from the plants on Plot I, variety President, 
were all small in size, although sufficient to carry on the plants the 
following year. A ])oint of some interest arises from a comparison of 
the tubers produced by the inoculated plants of President with the un- 
inoculated control plants, namely that the progeny of the controls was 
always superior in size, though not necessarily in number, to the progeny 
of the experimental plants. This the writer puts down to the deleterious 
effect of the feeding of the insects introduced under the frames. Such 
reduction in the size of the tuber was especially marked in plants 0, P, 
Q and P, where the insects used, capsid bugs and leaf-hoppers, are par- 
ticularly injurious to plant foliage. 

The tubers were carefully collected, each being provided with its 
identification mark in Indian ink and stored in silver sand. The progeny 
of each plant was kept in a separate receptacle. 
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Later, the silver sand was discarded and the tubers were stored in 
canvas-covered dishes. 

Remits obtained in 1926 /rom the progeny of the plants inoculated 
under cages in 1925. 

The tubers variety President from Plot I were planted in 1926 in a 
compost of leaf mould and soil contained in lO-inch pots. The pots were 
placed in a cold greenhouse which was free from aphis, having had no 
plants in it during the winter. Each pot was labelled and an additional 
wooden label was fixed in the soil. The following results were obtained: 

Aprididas. 

Myzus persicae. 

G. Six tubers, six plants, all mosaic. 

Q^. Four tubers, four plants, all healthy. 

H. Six tubers, six plants, aU mosaic. 

H-i. Two tubers, two plants, both healthy. 

Macrosiphum gei (= solanifolii). 

/. Eight tubers, eight plants, four healthy and four mosaic. 

Jj. Three tubers, three plants, all healthy. 

J. Five tubers, five plants, two mosaic, three healthy. 

</j . Four tubers, four plants, all healthy. 

Myzus drcumflexus. 

K. Three tubers, three plants, all mosaic. 

Five tubers, five plants, one mosaic, four healthy. 

L. Seven tubers, seven plants, all mosaic. 

Lj . Three tubers, three plants, all mosaic. 

Alxurodes. 

Asterochiton vaporariorum (white-fly). 

M. Four tubers, four plants, two mosaic, two healthy. 

Ml, Two tubers, two plants. Both healthy. 

N. Six tubers, six plants, all healthy. 
iVj. Three tubers, three plants, all healthy. 

' Cafsidae, Capsid Bugs. 

Calocoris bipunetatus. 

O. Three tubers, three plants, all healthy. 

Of Two tubers, two plants, both healthy. 
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Lygus pabtUintM. 

P. Three tubers, three plants, all healthy. 

Pi, Five tubers, five plants, all healthy. 

Typhlocybidae, Leaf-hoppers. 

Eupteryx auratm. 

Q. Four tubers, four plants, one mosaic, three healthy. 

Qi . Three tubers, three plants, all healthy. 

Zygina paUidifrom, 

R. Four tubers, four plants, one mosaic, three healthy. 

Ri . Four tubers, four plants, all healthy. 

In Plates VIII-X are shewn photographs of some of the successful 
inoculations with their controls. 

4 . Discussion of Results op 1925 inoculations with insects. 

Before considering the results of these inoculation trials, it will be 
well to review shortly the conclusions arrived at by other workers in 
this field. As regards Aphides, Murphy is of the opinion that several 
species are transmitters of this disease, but he finds that under appa- 
rently similar conditions inoculation is often not successful. In a recent 
paper (5) he says: “We have at different times successfully conveyed 
mosaic and leaf-roll infections from tuber to tuber by means of aphides 
on the sprouts, but on many occasions the results have been mainly or 
entirely negative. Thus, the percentage of successful infections varied 
from 100 to 0, and in spite of much work on the subject the factors 
governing this variation remain undetermined. Three different aphides 
have been used at various times, these being Myzus persicae. Macro- 
siphum flfci (= soianifolii) and Myzus pseudosolani. All have carried 
infection at times so that the confiicting results do not depend on the 
sort of aphis used, neither do they appear to be determined by the 
number of aphides used, the length of their stay on the source of in- 
fection or on the plant being infected; by the medium by which the 
tubers are sprouted, whether air or soil, by the presence or absence of 
light nor by the temperature,” 

These experiments were attempts at transmission from the sprouts 
of infected tubers to sprouts of healthy tubers, and not as was the case 
in the writer’s experiments from infected haulm to healthy haulm. 
Schultz and Folsom (S) report successful inoculation by means of 
three species of aphides, Myzus persicae, Macrosiphum gei^ and Aphis 
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abbreviata Patch. These authors find that aphides produce the symptoms 
of virus disease in the same year when caged upon the haulms, though 
apparently they also find difficulty with aphis inoculations, as they 
state ((8) p. 526) that: “Aphides sometimes do not transmit disease 
under conditions that apparently are the same as those giving positive 
results.” 

In an earlier paper eo Schultz and Folsom find that plants treated 
with virulent aphides may appear healthy but produce progeny that 
are all affected with mosaic, and again in the same Journal ( 7 ) they state 
that: Macrosiphum gei transmitted mosaic to a number of plants with 
symptoms only in the progeny.” These findings are of interest in view 
of the writer's results with the same species of aphis. 

As regards other insect carriers of potato virus opinion appears to 
be divided. Murphy(i) seems to be of the ojiinion that various potato 
insects other than aphides are carriers of leaf*roll, though not necessarily 
of mosaic. He gives the following insects as (‘arriors: the capsid bug 
Calocoris hipunctatm, and the Jassid Typhlocyba uinn To the writer’s 
knowledge the last-named Jassid does not attack potatoes, so possibly 
the species referred to w^as Eupteryx auralus^ which somewhat resembles 
it and is a common potato insect. Murphy gives his conclusions as 
follows: “While the above results can show hardly more than a sus- 
picion that the potato flea-beetle can act as a carrier of leaf-roll there is 
little room for doubt that both capsid bugs and jassids act as eifi(*ient 
transmitters of leaf-roll. This is important as showing that there is no 
exclusive specific relationship between aphides and the actual cause of 
leaf-roll which is presumably an organism. " 

In 1920 Schultz and Folsom (6) stated that: “As yet no other insect 
(than aphides) is knowm to carry mosaic of potato.” Since then, however, 
this opinion may have been modified. 

There seems little doubt that insects other than apliides act as 
carriers of virus disease in many plants of different orders. The work 
of Kunkel (2) and Hartzell show^s that the leaf-hopper Cicadula sexnotala 
is a carrier of the virus disease known as "Aster Yellows.” Storey (lO) 
has also shown that a species of leaf-hopper transmits a virus disease 
of maize known as “Streak.” In addition various leaf-eating beetles 
are thought to be carriers of mosaic of other plants. 

Turning now to the results of the present yireliminary investigations, 
some definite evidence of successful transmission of potato mosaic by 
means of certain insects appears to emerge. It will be seen that with 
most of the insects one or other of the two inoculations with each insect. 
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is apparently successful. The chief point of difference seems to lie in 
the amount of infection produced by the various insects. Thus in the 
case of the aphis Myzus persicae the six tubers harvested from G and 
the six from H gave mosaic infected plants in every case. On the other 
hand, in Q and R the inoculations with the two leaf-hoppers produced 
only one infected plant out of four, the white-fly gave two out of four 
in one case and none at all in the other. The capsid bugs failed to transmit 
the disease in both cases. The insects thus appear to vary greatly in 
the degree of their efficiency as disseminators of virus disease. This may 
be due either to the method of feeding of the insects or to some require- 
ment of the virus. It may also be suggested that plants Q and R which 
only gave one infected }jlant out of four did not receive the same amount 
of virus as did plants G and or else successful inoculation was only 
achieved in one or two stems of the plant. Schultz and Folsom (6) find 
that a plant with three stalks healthy and four mosaic may produce 
three mosaic tubers and two healthy ones. The number of insects used 
in each experiment may influence the infection in so far as even distri- 
bution over the plant is concerned. In the case of the aphis Myzm 
persicae^ out of twelve tubers from the 1925 inoculations, twelve mosaic 
plants were produced in 1926, while the six control jJants remained 
healthy. 

With the second aphis, Macrosipkum gci^ six mosaic plants were 
produced out of the total of thirteen tubers from the two inoculated 
plants, the seven control plants remaining healthy. 

It is unfortunate that the trials with the third species of aphis Myzua 
circumjlcxua for 1925 must be disregarded owing to the failure of the 
controls to remain healthy. 

It is manifestly unwise to make definite statements as to the in- 
fective power of these insects at this stage in the investigations, never- 
theless it is possible to draw some conclusions. It seems fairly clear 
that under certain conditions, the aphides Myzus persicae and Macro^ 
siphum gei can act as efficient transmitters of potato mosaic disease. 
In the present state of our knowledge of this subject it is not possible 
to say what these conditions may be. Unlike Schultz and Folsom the 
writer has so far been unable to produce symptoms of mosaic disease 
in a potato plant in the same year as that in which the inoculations 
were performed by means of aphides placed upon the haulm. The 
disease has only shown itself in the plants produced by the progeny of 
the experimental plant in the following year. In the case of inoculation 
with aphides, however, upon sprouting tubers, it appears possible to 



128 Insect Carriers of Mosaic Disease of the Potato 

produce current season symptoms. Atanasofi(i), commenting upon the 
difficulty and uncertainty of aphid inoculation of the haulm, states that 
most of the difficulties would disappear if the inoculations were made 
with the sprouting tuber and the experiment thus confined to one season. 
Although this is probably true of some aphis inoculations, it does not 
hold good for transmission experiments with other potato insects, such 
as capsid bugs, leaf-hoppers and flea-beetles, as these will not feed upon 
the sprouts of tubers or, in the case of the capsids, can only with great 
difficulty be induced to do so. For these insects the only method of 
sprout inoculation would seem to be the removal of the salivary glands 
and insertion of them into the sprout. This is being carried out in the 
present season (1926). 

Apart from this there seems no alternative to the method of two- 
season haulm infection, and there is no reason why this should not be 
reliable if proper care be taken in carrying out the experiments. 

In considering the inoculations with white-fly (Asterockiton) it is 
interesting to find infection in one case. Although more cannot be said 
at this early stage of the work, it seems quite probable that the ji\'hite-fly 
is a potential carrier of virus disease, more especially as it is an insect 
which, like the aphides, habitually taps the phloem in its feeding. Both 
species of capsid bug failed to transmit the disease, thus in some measure 
bearing out the suggestion of the writer (9) that insects such as these 
which possess a salivary secretion violently toxic to the plant host are 
unlikely to be transmitting agents. 

With the two leaf-hoppers one plant only with each species became 
infected. This very slight infection may be due either to the toxic effect 
of the saliva upon the plant, or to the methods of feeding of these insects 
which only occasionally tap the phloem. Leaf-hoppers, especially 
Eupteryx aurcUus, are sometimes severe pests of the potato plant as in 
the present summer (1926), and it is important that their connection, 
if any, with the spread of virus diseases of the potato should be estab- 
lished. 

Some possibilities in these insect inoculations of the potato plant 
must be considered. Firstly the effect of the canvas cages upon the 
normal growth of the plant, and secondly their effect on the symptoms 
of mosaic disease. In the 1925 experiments it was found that the plants 
under the cages were drawn up and sappy, and had to be supported. 
In addition the tubers appeared to be reduced in size as compared with 
those of plants grown normally. Apart from this the plants grew strongly 
and were green, luxuriant and apparently healthy enough. 
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In regard to the second point it is difficult in the present state of 
our knowledge to say what the effect of the cages and the consequent 
alteration of light and temperature would be on the development of 
virus disease. Atana8off(i) says on this point: “The potato can grow 
and develop a normal and very luxuriant growth at comparatively low 
temperatures if only sufficient sunlight is present. Most of the virus 
diseases of this plant, on the other hand, require much higher tempera- 
ture for their development, so that their development can be not only 
retarded but even completely suppressed by low temperatures which 
are high enough to permit a normal development of the plant.” 

Atanasoff goes on to say that it is thus possible for a positively in- 
fected tuber to produce under low temperature conditions an apparently 
healthy plant, thus giving a partial or complete suppression of the 
disease. 

Murphy (3) on the other hand, would appear to hold the opposite 
view, he says: “Field experiments on mosaic were rendered nugatory 
so far as the greater part of 1921 was concerned, by the very dry and 
hot weather which had the effect of suppressing the symptoms partially 
or almost entirely. It was already known from observation and experi- 
ment in Canada (as well as in U.S.A.) that this might happen in certain 
warm and dry localities and seasons. Emphasis was there laid on the 
temperature, but the appearance of some mosaic symptoms for the first 
time in plants presumed infected from the beginning, following the first 
good rain towards the end of July, would indicate that moisture may 
also be concerned. It was clearly shown in some of the Canadian experi- 
ments referred to, that though the symptoms were suppressed in the 
case of diseased plants in certain places, vrith the result that their jdeld 
was hardly inferior to that of neighbouring healthy plants, yet the. 
disease was still present and transmissible. It reappeared in the diseased 
seed in the subsequent year, under conditions more favourable to the 
disease in at least as intensified a form as before its suppression.” 

Murphy also says: “27®C. is the optimum f(>r the growth of the 
potato and this exceeds that necessary for the development of the 
hypothetical mosaic organism. The latter may be concluded from the 
fact that the disease is most flourishing under cooler conditions.” 

In regard to the effect of light upon the development of virus disease 
Schultz and Folsom ( 7 ) state: “Shading tended to increase mosaic 
mottling and decrease leaf-rolling.” 

In 1925 when the writer’s experiments were carried out the summer 
was exceptionally hot and dry. The plants, however, were kept well 
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watered by flooding the bases of the insect-proof frames. It may be 
noted that in the case of L and and the first R and where the 
tubers were already affected, the mosaic disease developed normally, 
the rest of the plants remaining green and apparently healthy till the 
end of the season. From this it would appear that the presence of the 
canvas cages does not to any great extent affect the development of 
the disease symptoms. 

Summary. 

1. An account is given of some preliminary experiments with insects 
as transmitters of potato mosaic disease. The various types of insect- 
proof cage which have been used in these experiments are described. 

2. The following insects were used in the inoculations : 

Aphididae. 

Myzus persicae, 

Macrosiphum gei {— solanifolii). 

Myzus dreumflexus. 

Aleurodes, White-fly. 

Asterochiton vaporariorum. 

Capsidae. 

Calocoris bipunciatus, 

Lygus pahulinus. 

Typhlocybidae, Leaf-hoppers. 

Zygina pallidiftons, 

Eupteryx auraius, 

3. The aim of the experiments is definitely to identify what insects 
of those normally attacking the potato are disseminators of virus disease. 

4. Infected insects were placed both upon the sprouts of tubers and 
upon the haulm; the latter is the only satisfactory method for insects 
other than aphides. 

6. Successful transmission of mosaic disease was obtained in 1925 
by means of the aphides Myzus persicae and Macrosiphum gei. Some 
evidence of infection by means of Asterochiton vaporariorum (greenhouse 
white-fly) and the leaf -hoppers Zygina pallidifrons and Eupteryx auraius 
was also obtained; further work with these insects is required before 
definite conclusions are drawn. The capsid bugs Lygus pahulinus and 
Calocoris bipunctaius failed entirely to transmit the toease. 
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EXPLANATION OF PLATES Vlll-X 

PLATE VHl. 

Fig. 1. \k*w of one of the cx]}enmcntal plots showing cages in position. Each cage i» 
held firmly in place by an external wooden frame. 

Fig. 2. Successful transmission of mosaic disease by means ot the aphis Macrosiphum 
{solanifolii) gei. This plant commenced with mild mosaic, but at the time the photo- 
graph was taken late in the season, it was in a curly dwaif condition. 

Fig. 2 A. Healthy control plant. 

PLATE l.\. 

Fig. 3. Successful transmission of mosaic by means of the aphis Myzm perskae. 

Fig. 3 A. Healthy contnd plant. 

PLATE X. 

Fig. 4. Successful transmission of mosaic by means of the lcat-hoppt»r Zygtna paUidifrons. 

Fig. 4 A Healthy control plant. 

Fig. 5. Leaves from plant in Fig. 4 enlarged to show mosaic symptoms. All the plants 
are variety “ President.” 
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1. Introduction 

Although many economically important species of the genus Harntolita 
have been studied in different parts of the world, notably in the United 
States of America and in Russia, nothing is known of the biology of 
this genus in Great Britain. It was therefore considered desirable to 
investigate the life history and biology of British species of Harmolita. 

Sevesral species of HarmolUa which are gall formers on the common 
couch grass (Tritimm repens) proved to have a very wide prevalence in 
this country and consequently formed a convenient source of material 
for this investigation. 

The life history of one of these species attacking Triticum repens, 
namely Harmolita graminicola (Gir) has been described with full details; 
one other undetermined^pecies whose larva is also gallicolous on couch 
grass has been figured. Its life history approximates very closely to 
that of Harmolita graminicola. 
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The latter species was successfully induced to breed in captivity on 
Triticum repens but refused to breed on wheat or any other available 
representative of the Triticum genus. 

It is quite possible however that closely allied species may be gall 
formers on cultivated wheat although I have not yet succeeded in finding 
the wheat plant infested with species of Harmolita in this country. 

So far, also, none of the British species of Harmolita examined ex- 
hibited the interesting phenomenon of complete change of diet reported 
by several investigators concerning some foreign species of this genus. 
Thus Eimsky-Korsakov(5), whilst working on the Russian HarmolUae 
attacking cereals found that one of his species named Harmolita inqui‘ 
linum, oviposits in the galls of another species of the same genus 
(H, rossicum)^ and that its larva feeds first on the larva of the gall maker 
and then finishes its development phytophagically. Phillips (4) reports 
that the larva of Eurt/toma pater, a genus closely allied to Harmolita, is 
a true parasite in its early stages of the larva of an Harmolita, and that 
it consumes the host larva before completing one-third of its own growth 
and then finishes its development on plant tissue. Nielsen observed a 
similar phenomenon in another Eurytomid. 

These facts are considered by 6ahan(i) to suggest that ph)rtophagy 
in Chalcidoidea is a recent specialisation forced upon the chalcid parasite 
by a premature exhaustion of the natural food supply. This research 
was commenced in the Zoological department of Manchester University, 
and completed in the Zoological section of the department of Agriculture 
in the Leeds University. I must here express my obligation to Professor 
S. J. Hickson, F.R.S., of Manchester, and Professor R. S. Seton, and 
Mr T.» H. Taylor of Leeds, for facilities to carry out this work. My 
thanks are also due to Miss E. M. Wright and to Miss M. Jepson for 
drawing some of the text-figures. 

2. Methods op Investigation. 

The fact that the whole of the post-embryonic developmental period 
of species of Harmolita is passed enclosed within galls is productive of 
certain difficulties in the investigation of individual life cycles. The 
opening of a gall containing a larva in one of its trophic stages is tanta- 
mount to the latter’s destruction, even though the minute and delicate 
creature be u^dnjured in the process. This is due to the drying up of 
the tissues of the gall which become no longer acceptable as food to 
the larva. 

Hence it is impracticable to follow any one specimen through the 
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various stages of its life cycle. When, however, a larva has become full 
fed and commenced to hibernate it may be removed from the gall as 
the latter is then only required for protective purposes. It was found 
that when hibernating larvae were removed from their galls, and en- 
closed under an inverted watch-glass upon a sheet of filter-paper they 
would develop normally if kept in the dark and left at the prevailing 
seasonal temperatures. 

Galls collected in October, when the great majority of the larvae had 
commenced to hibernate and afterwards maintained in the laboratory 
at a fairly uniform temperature of about 60° F. produced a remarkable 
acceleration in their rate of development in response to the stimulus of 
higher temperatures. Emergence of the adults could be made to take 
place as early in the year as February, which was about four months 
before the normal time. 

Rim8ky-Korsakov(5), observed a somewhat similar phenomenon when 
studying Russian species of Harmoliia. Whilst 8 tud 5 dng the stages subse- 
quent to hibernation, this method of removal from the galls was found 
superior to that of continually taking out and replacing larvae in the 
galls, for however careful the operator may be, larvae are liable to be 
killed or so injured that a retardation or distortion of grovlih takes place. 

In order to study the early stages of the life cycle Harmoliia graminicola 
was successfully bred in captivity. The procedure adopted was as follows: 
‘‘Roots” of couch grass {Triticum rcpens) bearing young shoots were 
transplanted into fairly large plant pots with a diameter of about a foot 
and a height of about a foot and a half. Ten of these pots were employed 
and each contained numerous young shoots of Triticum repens. Several 
precautions are necessary for success. First, if the inflorescence has 
burst through the sheathing leaves no attempt at oviposition will be 
made on the grass culm. Second, transplanting should be undertaken 
well before the time of emergence in order to give the plant time to get 
over its ill effects and to ensure that eggs have not already been de- 
posited in its culms. 

The plants were then enclosed in glass cylinders whose open tops 
had been covered with muslin. The cylinders have a height of about 
two feet and were of such a diameter as to fit easily on the tops of the 
plant pots. The pots were kept during the breeding experiment in an 
open insectary at the Manchester University Experimental Grounds at 
Fallowfield. The insectary has a corrugated iron roof, but the sides are 
only protected by a large mesh wire netting thus ensuring natural con- 
ditions of light and temperature. 
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Galls were collected as near to the time of emergence as possible and 
the adults allowed to emerge under glass cylinders similar to those en- 
closing the potted grass plants. After emergence the insects were left 
undisturbed for three days in order to ensure maturation and fertilisation 
(if the latter is really necessary) of the eggs. At the end of this period 
the cylinders enclosing the plants were removed and replaced by cylinders 
containing the adult insects. 

Oviposition then took place. The insects were allowed to remain in 
contact with the plants for 24 hours; this period of time was found 
sufficiently long to ensure oviposition. 

3. Time of Emergence and Longevity of Imagines. 

The period of normal emergence of the adults extends from about 
June 24th to July 7th. The imago escapes by eating out a circular 
hole in the wall of the gall with its mandibles. The aperture through 
which it emerges is not confined to any particular spot on the wall of 
the gall. The first act of an imago after emergence is to remove particles 
of plant debris from off its body and limbs. This done the insect proceeds 
to rear itself up on the posterior apex of its abdomen and to work off, 
by means of its prothoracic legs, the old pupal envelope still encasing 
each antenna. At least an hour elapses before the newly emerged insect 
shows a desire to use its wings. The life of the imagines may be of con- 
siderable length for they have been kept alive in captivity without 
access to food or water for 14 days. Those which oviposited in the 
breeding cages did not die soon afterwards but appeared to live about 
as long as the males in whose company they were kept. Probably a 
month represents the normal duration of life of the adult Harmolita, 
They were observed when at liberty feeding on the pollen of various 
grasses which appears to constitute their chief source of food. 

4. Parthenogenesis. 

The evidence is strongly against the occurrence of parthenogenesis 
in Harmolita graminicola, although there is still some doubt concerning 
the matter. The sexes occur roughly in about equal numbers during 
the only generation of the year. Several experiments were conducted 
in an endeavour to determine with certainty whether fertilisation was 
necessary. A number of galls were opened shortly before the time of 
emergence to ascertain the sex of the occupants. A number of female 
pupae were collected in this manner, placed in breeding cages and allowed 
to mature. The resulting female flies without being afforded an 
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opportunity of fertilisation were allowed to come into contact with Triti- 
cum repens. Extensive oviposition took place but no galls subsequently 
resulted. These results, however, may still be regarded as inconclusive, 
and a repetition would be desirable especially in view of the fact that 
the breeding of these chalcid flies is a somewhat delicate operation, and 
some other factor distinct from non-fertilisation may have intervened 
to prevent the development of the eggs. 

5. Oviposition. 

The opportunities of watching the act of oviposition were many and 
the method of egg laying appeared to be as follows: 

The fly crawls along the grass culm tapping it at frequent intervals 
Avith its antennae. The latter organs appear to be acting in an investi- 
gative capacity. When an apparently suitable spot is reached the front 
end of the body is raised and the hinder end lowered until the first two 
pairs of limbs hang free and the posterior tip of the abdomen is in 
contact with the surface of the grass culm, the insect being pivoted on 
its metathoracic legs. The two palp-like continuations of the inner 
plates can be seen adjusting the tip of the ovipositor sheath to the exact 
spot where the puncture is to be made. The ovipositor sheath with its 
contained stylets are then driven into the plant tissue by a backwardly 
directed sliding movement of the abdomen. The sheath by this move- 
ment is drawn away from its customary position along the ventral 
surface of the abdomen and makes an angle of from 45^ to 90° with the 
ventral surface of the abdomen. The ovipositor sheatli is now driven 
its full length into the plant by the approximation of the ventral surface 
of the abdomen to the leaf sheath. 

The time during which the ovipositor remains inserted varies. The 
writer has seen its retention in the plant for the period of a minute but 
more frequently it has been withdrawn after 10 seconds. During the 
time of insertion the ovipositor is partially withdrawn and pressed in 
again several times. Only one egg is laid in each grass culm, and this 
was shown to be invariably the case by a series of dissections of grass 
culms immediately after oviposition in them. 

The egg is always deposited in the centre of the stalk about 2-5 mm. 
below the tip of the rudimentary inflorescence. The egg consists of an 
elongated oval body with a fairly long pedicel at one pole and a very 
short rudimentary one at the other. The chorion is smooth and trans- 
parent and the developing embryo can be seen quite well within, under 
suitable optical conditions. The length of the body of the egg excluding 
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the pedicel is generally just a little short of 0*4 mm. The body of the 
egg passes anteriorly down the ovipositor, and its passage is thus 
facilitated, as part of the contents of the body appears to pass into 
the pedicel during the passage down the ovipositor. No part of the egg 
protrudes beyond the epidermis after oviposition has taken place. 

6. Period of Incubation. 

After oviposition had taken place in the manner described above, 
endeavours were made to ascertain the length of the period of incubation. 
Dissection of a culm containing an egg was made daily from each of 
five pots used for this experiment for a period dating from oviposition 
to the day a larva was found. If it happened that a grass culm did not 
contain an egg another one was taken from the same pot until one con- 
taining an egg was discovered. On the day a larva was first found all 
the remaining culms in that particular pot were dissected. 


--CH 


Fig. 1. The eolosion of the larva from the egg x 120 diams. Drawn from a Canada balsam 
mount stained with Delaheld’s Haematoxylin. The larva has shrunk proportionately 
more than the egg membrane. 

CH, Chorion of egg. PX, Pbdioel of egg. 
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The period of incubation was found to be a comparatively long one 
as the following table shows: 


Pot 

Date of 

Grass culms 

Eggs dissected 

Date larva 

numlier 

oviposition 

dissected 

out 

first found 

1 

June 30th 

37 

27 

July 24th 

2 

July Ist 

30 

23 

— 


„ Ist 

42 

15 

— 

4 

1st 

35 

27 

.July 23rd 

r» 

1st 

44 

29 

.. 27th 


The above table shows pretty conclusively that the period of incu- 
bation lies between three and four weeks for Harmolita graminicola. In 
Pot 1, as shown by the table, the first larva was dissected out on July 
24th and from the remaining culms on the same day four eggs and five 
larvae were obtained. From Pots 2 and 3 all the eggs were dissected 
out before the period of incubation was over, consequently no larvae 



Fig. 2. The frontal view of a cephalic segment of a newly hatched larva about 0-5 mm. 
long, showing the complete absence of sub-apical teeth on the mandibles x 300 diams. 
Drawn from a potashed mount stained with 2 ]:>er cent, acid fuchsia. 

AP, Antennal papilla. LBH^ Bi-lobed labrura bearing two sense spots. LIM, Bi- 
lobed labfom. MD, A mandible. ML, Maxillary lobes. SP, Sense spots of labium. 

were obtained from these pots. In Pot 4 the first larva was found on 
July 23rd, and from the remaining culms dissected out on the same day 
five eggs and four larvae were obtained. 

In Pot 6 the first larva was found on July 27th, and from the re- 
maining culms three eggs and seven larvae were obtained. The eggs 
examined in the fourth week after oviposition showed unmistakable 
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signs of the nearness of hatching and the rapidly developing larva could 
be seen within. The body of the egg increases in size as the time of 
hatching approaches and a tension is set up in the egg membranes. The 
larva escapes from the egg at the pole opposite to that at which the 
long pedicel is situated. The larva does not possess any specialised 



diamB. 

1ST, Incipient Hub-apical tooth of a mandible. Other lettering as in Fig. 2. 

Drawn from a potashed mount stained with 2 per cent, acid fiichsin. 

hatching apparatus and appears to rupture the already tense chorion 
by means of its mandibles assisted no doubt by movements of the body. 

Fig. 2 shows a larva in the act of escaping from the transparent egg 
membranes and the part of the larva still within the egg could be clearly 
seen. 


7. The Larva of the First Instar. 

The newly hatched larva varies in length from 04 to 0-6 mm. and 
is usually found adhering to the empty egg-chorion. The segmentation 
is clearly defined, and consists of a head and 13 body segments. The 
cephalic segment is smaller in proportion to the segments immediately 
behind it than in larvae of later instars, and the antennae papillae seem 
to be more conspicuous. 
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The hinder part of the body tapers more gradually and is more 
pointed than in older larvae. Unlike many parasitic chalcid larvae the 
alimentary canal is continuous from mouth to anus from the time of 
hatching as expulsion of liquid excrement from the anus was observed 
almost immediately after hatching. It is easy to ascertain whether a 
larva has begun to feed, because if food has been taken the mesenteron 



Fig. 4. A frontal vioa of a cephalic st'gmcnt of a larva of tiiiiil uiHiar about 2-1 niin. long, 
showing the development which has taken place in the siih-apiral tooth of the 
mandible X 150 diams. Drawn from a potashed mount stained with 2 iici cent, acid 
fnchsin. 

ST, »Sub>apical tooth of the mandible. Other lettering as in Fig. 2. 


will exhibit a distinctly green colour which can be observed very clearly 
through the almost transparent body. Little lobulated masses, slightly 
more translucent than the general content of the body can be discerned 
here and there beneath the transparent integument. These bodies form 
the basis of the large mass of fat body which subsequently develops and 
finally renders the larvae of the later stages completely opaque. 

The Respiratory system is the same fundamentally as in larvae of 
later stages ; it consists of a pair of longitudinal tracheal trunks united 
transversely, both anteriorly and posteriorly by commissures. 

The longitudinal trunks give off at segmental intervals lateral 
branches to the spiracles. The spiracles can be recognised as nine in 
number on each side, a pair being situated on each segment from the 
second to the tenth inclusive. The respiratory system is peripneustic 
from birth with closed spiracles on the wing-bearing segments. The air 
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tubes show up clearly in freshly dissected larvae of this instar owing to 
the relative absence of fat body. By suitable staining various internal 
structures such as the salivary glands and central nerve cord can be 
observed. Faint indications of the cutaneous muscular system can also 
be seen. The feature distinguishing the first instar larva is found in the 
mouthparts. 

The mandibles (Fig. 2, MD) do not each possess a sub-apical tooth 
which is present incipiently at least in all later instars (Fig. 3, 1ST, and 
Figs^ 4 and 5, ST), There is a prominent slightly bi-lobed labruni 



LIM 


.3. A frontal view (j 1 a of a niatun* ]ai*\a showing the fully develojKjd 

sub-a])ioal tooth of tlu> inandihlo ' 130 diaiii'*. Drawn from a potaahed mount stained 
wuth 2 j>er cent, acid fuehsin 

•sy. Suh-a]iical lootli of tlie mandible. Other lettering a> m Kig. 2. 

(Fig. 2, LBR) bearing a small sense spot on each lobe. A pair of maxillae 
are also represented by two lobes (Fig. 3, ML), The labium (Fig. 2, 
LIM) is very large and indented slightly in the median line to give it 
also a somewhat bi-Iobed appearance. Each of these lobes bears two 
sense spots (Fig. 2, SP) one of which is relatively very large and presents 
an hemispherical face. 

A larva after it has been feeding for a day or two may be found in 
a little cavity eaten out by itself just beneath the germ of the future 
inflorescence which is destined never to shoot the enveloping sheath and 
ripen into seed. Whilst growing to about 1 mm. in length a larva does 
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not produce any external indication of its presence within the stem. 
Subsequently an elongated swelling begins to form above the uppermost 
node of the stalk and when the larva is 2 mm. long it is quite apparent. 

8. Instars Later than the First. 

The first moult takes place when the larva is about one week old and 
measures about 1-3 to 1*5 mm. long. Apart from size and a slightly 
greater translucence of the body content the larva of the second instar 



Fig. e. A side view of a niatiirt* larva of Harmohta gratmnicoUt (CJjr) x 50 diRins. 


fO 
1 
t 
0 

Fig. 7. A side view of a mature lar\’a of an undetennmcd species of Harmohta x 50 diams. 

difEers from that of the first only in that the mandibles of the former 
. exhibit indications of sub-apical teeth (Fig. 3, 1ST). The second stadium 
lasts about a fortnight trhen another ecdysis is effected, the length of 
the larva being then about 2*0 to 2*2 mm. In this, the third instar of 
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the larva, the sub-apical teeth of the mandibles (Fig. 4, 8T) are much 
better developed. The third stadium also lasts about a fortnight and 
when the larva measures about 3 mm. long the cuticle is cast for the 
third time. 

This is the last moult prior to the one at pupation. In the last instar 
the sub-apical teeth of the mandibles are fully developed (Fig. 6, ST), 
The body contents have become quite opaque owing to the increase in 
size, number, and density. In the month of October the great majority 
of the larvae reach the fully fed condition and they then enter into a 
very quiescent state. In this state of hibernation the fully fed larva 
passes the winter under the protection of the gall. 

9. The Pro-nymph or Semi-pupal Stage. 

Pupation begins to take place about the end of April but at least 
90 per cent, pupate in the middle of May. As the time of pupation 
draws near the old larval skin begins to lift in preparation for the moult. 
About 48 hours before pupation takes place, the larval body assumes a 
permanent flexure at the region of the third and fourth body segment, 
and the sternal region of the fourth segment becomes almost obliterated. 
About this time a series of rhythmic risings and fallings of the larval 
cuticle can be detected. These are brought about by the circulation of 
the moulting fluid between the larval cuticle and the new pupal cuticle 
beneath. They are specially discernible in the lateral abdominal region 
in the neighbourhood of the spiracles where a ridge-like puckering is 
formed by repeated risings and fallings of the cuticle. 

The moulting fluid after permeating between and aiding in the 
separation of the old larval cuticle, from the underlying coat, is gradually 
worked by a series of wavelike motions to the dorsal region of the thorax. 
The cephalic and thoracic segments become swollen and paler in colour 
owing to the pressure caused by the underlying accumulation of fluid. 
This is the true semi-pupal stage corresponding to that described in 
some other Hymenoptera (3), and lasts from 12 to 24 hours in this case. 
The moulting fluid first causes the swelling or ‘‘blister” on the whole 
of the dorsal thoracic region, but later the fluid is forced forward and 
heaped up over the dorsal prothoracic region and the tension in the 
cuticle at this spot becomes very great. Then by an increase in the 
flexure of the body at the region of the third and fourth segments already 
referred to and by vigorous wriggling in the abdominal region the 
breaking point in the swollen prothoracic region is reached. The rupture 
of the old larval integument which begins in the median line of the 
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Fig. 8. Fig. 9. 


Fig. 8. Female adnlt of Bracm erythmtktus (Lyle) parasitic on HamolUa in the larval stage x 60 diams. 
Fig. 9. A parasitised larva of Harmolila gramimcola tv sHh in the gall x 10 diams. 



H. 0. James 


145 


dorsal prothoracic region raj)idly extends in a longitudinal direction over 
the whole length of the dorsal surface of the thorax and is followed by 
a liberation of the moulting fluid and the rapid emergence of the pupal 
head which lay in the prothoracic region of the larva. 

The old larval integument with the mandibles attached is gradually 
worked towards the posterior region of the body by repeated movements 
of the abdomen and by occasional flexion of the entire body about the 
fourth segment. When isolated from the gall the act of slipping out of 
the larval cuticle takes from 40 minutes to an hour, and the process 
may take a considerably shorter time inside the gall. Finally the old 
larval skin is forced bark to the posterior extremity of the abdomen 
where it remains attached almost throughout the pupal stage as a dried 
appendage attached to the posterior extremity of the abdoTiien. 

10. The Pupal Stage. 

Immediately after pupation has taken place the pupa presents a 
very pale yellow colour and no black markings are discernible. For some 
little time after the jmpal moult the pupa is sticky to the touch owing 
to the moulting fluid and there is a palpitation on the vertex combined 
with frequent movements of the abdomen. The new pupal integument 



10. The larva of Hurmohta m the stage unnunliately pi-oocding the scmi.piii>a! stage 
^ 300 diainfl. 


is very soft and flexible, but the general conformation of the chief sclerites 
of the adult can be seen. The pedicel or “waist” is marked only by a 
very slight constriction and the segmentation of the abdomen is very 
faint. 

There is a well-defined ridge on the head just ventral to the insertion 
of the antennae, and beneath this ridge is a swelling which represents the 

Ann . Biol. XIV 
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rudiments of the Below the latter comes the rudiments of the 

mandibles followed by the maxillae and labium 
with their palps. The legs and antennae are glued 
to the ventral surface but their segmentation is very 
indistinct, only the limits of the coxae on the legs 
and the scapes on the antennae being demarcated. 

The male pupae are easily so])arated from the 
female by reason of their markedly longer antennae. 

The mesothoracic wing cases arc glued against the 
body and hide the nietathoracic wing cases. The 
compound eyes are present just after pupation but 
no ocelli are visible at this stage. A pronounced 
lateral ridge is present on each side of the abdomen 
which extends from the propodeinn to the posterior 
extremity of the abdomen. 

At about four days old the pedicel becomes 
better defined owing to an increase in the constric- 
tion; the cuticle becomes harder and indications 
have appeared of the two dorsal ocelli. The darken- 
ing of the pupa begins on the eighth day of the ])upal 
stage. A dark brown streak appears in the median 
line near the mouth region. Soon afterwards black 
pigment is deposited on the compound eyes, on the 
mandibles, on the intersegmental regions of the 
abdomen, and on the three ocelli which are now 
visible. This blackening process continues until by 
the sixteenth day of pupation the pupa is black in 
colour. Meanwhile the pedicel becomes still more 
constricted and the segmentation of the legs and 
antennae more distinct. Chitinisation f)f the imagi- 
nal integument proceeds and the outer f)upal coat 
becomes dry and loosely attached to the hardening 
imaginal coat beneath. 

The length of the pupal period is about 40 days, but this can be 
reduced to 28 days by allowing pupation to take place in an artificially 
heated laboratory. 





Fi^. II. The pupa ahoiit 
th<‘ middloof tlit* pupal 
period X .50 diaiUH. 
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11. Natural Enemies. 

Although many galls produced by Harmolita graminicola have been 
examined, only one species of insect parasite was discovered and its 
degree of infestation would not exceed 1 per cent. This parasite attacks 
the larval stage and it was determined as Bracon erythrostidus (Lyle) 
(Pig. 8). 

The larva of Harmolita is parasitised at an early stage within the 
dried skin of the larva which assumes a brownish colour (Fig. 9). Bracon 



Fig. 12. View i»f the galls made hy larviu* of Harmobta on Trificum repens about natural 

Mize. 

erythrostidus emerges about a fortnight to three weeks before Harmolita 
appears. The former parasitises both species of Harm)Uta dealt with 
in this paper. The parasites of Harnwlita are recognised as of great 
economic value in the United States of America as they help very largely 
to keep jointworm in check in normal years. 

The only other natural enemy of any importance were certain birds. 
Large numbers of larvae are pecked out of galls by birds, particularly 
by tits; especially if the winter is severe. 


10 — ^2 
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12. Summary. 

This paper is a contribution to our very scanty knowledge of the 
British HarmoUta, a phytophagous genus of the superfamily Chalcidoidea 
(Hymenoptera). Many species of this genus are pests on cereals and 
cultivated grasses ; one species, HarmoUta triticiy is the notorious joint- 
worm of America and Russia, whilst species attacking many other cereals 
and grasses have been recorded in Europe and America. An account is 
here given for the first time of the life history and biology of a British 
species of HarmoUta, namely HarmoUta graminicola, which is a gall 
former on couch grass {Triticum repens). 

The larva of another undetermined species of HarmoUta, also galli- 
colous on Triticum repens is figured and briefly described. 

The adult of HarmoUta graminicola begins to emerge in the last week 
of June and continues to appear during the first week of July. When 
the inflorescence has appeared through the sheathing leaves the female 
fly will not lay eggs on them. One egg is deposited on each culm just 
beneath the rudimentary inflorescence, the ovipositor of the fly piercing 
the sheathing leaves in order to reach the desired position. The Harnm- 
litae of both species were bred in captivity and the length of the period 
of incubation of the egg was found to be between three and four weeks. 
Experiments were conducted to ascertain whether })arthenogene8is oc- 
curred in this species. The results were negative although perhaps not 
numerous enough to be conclusive. 

The larva possesses four instars and moults three times whilst feeding, 
another moult occurring at pupation. The larval instars can be differ- 
entiated most exactly by the state of development of the sub-apical tooth 
on the mandible. The sub-apical tooth is absent from the mandibles of 
the first instar; only incipiently developed in the second instar; better 
developed in the third and fully formed in the fourth instar. The larva 
becomes full fed in October and hibernation takes place in the larval 
stage. Pupation begins to occur near the end of April but the great 
majority pupate in the middle of May. 

There is a short semi -pupal stage of from 12 to 24 hours duration 
immediately before the pupal moult takes place. The pupal stage lasts 
about 40 days and there is only one generation each year. The larva of 
Breuxm erythrostictus (Lyle) was found to be parasitic on HarmoUta in 
the latter’s larval stages; no other insect parasites were found. Both 
HarmoUta graminicola (Gir) and the undetermined species refused to 
breed on wheat or any other plants of the Triticum genus although many 
attempts were made to induce them to do so. 



H, C. Jambs 
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REVIEWS 

The. Theory of the Gene. By Thomas Hunt Morgan. Yale University 
Press, 1926. Pp. xvi + 343, Figs. 15G. 18.s‘. net. 

This volume is an outline of the theory of genetics from the point of view of the 
American worker on Droftophilu. Its w^ide scope is shown by the chapter headings 
which are as follows: i. The fundamental principles of genetics, ii. Particulate 
theories of heredity, ra. The mechanism of heredity, iv. Chromosomes and genes. 
V. I'he origin of mutant characters, vi. Are mutant recessive genes produced by 
losses of genes? vn. The location of genes in related species, viu. The tetraploids, 
or fourfold t^^pe. ix. TripJoids. x. Haploids. xi. Polyploid series, xn. Hetero- 
ploids. XIII. Species crossing and changes in chromosome number, xiv. Sex and 
genes, xv. Other methods of sex -determination involving the sex-chromosomes. 
XVI. Intersexes, xvii. Sex reversals, xviii. Stability of the gene. xix. General 
conclusions. Bibliography. Index. 

The chromosome interpretation of the mechanism of heredity is accepted through- 
out and fresh data in support f)f it are brought forward. Chapters i-iv are essentially 
introductory. Chapter v is all too short for the critical importance of its subjiHjt and 
leaves one with a curiously unsatisfied feeling. It is a pity that the opportunity was 
not taken to give an exact and unequivocal statement of what the term “mutation'’ 
connotes. So much controversy has arisen from the different usages of this word, 
and there are such varied and discrepant definitions of it in recjcnt genetical treatises, 
that a precise statement by I^of. Morgan, which, one might expect would be adhered 
to by American workers, would do much to clear up the confusion. 

Chapter vi in which the “Presence and Absence Theory” is discusseil adversely 
is of considerable interest, but certain data such as those relating to the albino guinea- 
pig, the recessive black-rabbit, the w^hite factor in the jungle-fowl and the bar-eye in 
Drosophila are capable of interpretations other than those adopted. 

Chapters vii-xm dealing with various aberrant and multiple chromosome arrange- 
ments are a masterly summary of the very widely scattered data in this field. One 
expected however to find some reference to the recent criticisms of Jeffrey and Hicks, 
who are not mentioned, and of Ixitsy to whom only two references, neither later 
than 1916, are given. 

Chapters xiv-xvn, in which problems of sex are considered, are perhaps the 
most interesting portion of the volume although not so coherent in treatment as the 
previous section. The discussion of intersexes and sex-reversals in both animals and 
plants is particularly useful. It may perhaps be still premature, but one would have 
liked to sec included reference to the striking cases of sex-reversals in fungi. 

Chapter xvm on the stability of the gene is exasperatingly brief and gives fittle 
idea of the present position or perspective of the problem. One would have liked 
a much fuller discussion of the “inheritance of acquired characters,” more particu- 
larly from the plant aspect; to find reference to Kam merer, Tornier, Guyer, etc.; 
to see some discussion of this question in relation to bacteria, fungi and protozoa, 
where it is of primary importance and where evidence is rapidly accumulating. The 
causes or stimuli of changes of gene are still as obscure as ever in the higher forms, 
but, in micro-organisms, they seem to be more within our reach. The data from all 
fields of study, however, seem to point more and more clearly to the view that 
“mutation” is no fortuitous happening but in definitely causal in nature, a specific 
and orderly process. 

The present book constitutes the nineteenth volume published on the Silliman 
Lectures Foundation of Yale University. The only other book in this series of general 
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biological interest is the eighth volume which is Bateson’s Problems of Genetics, pub- 
lished in 1913. If one compares these volumes one obtains a vivid impression of the 
changes in sheer amount of data (almost the whole of the Drosophila work) in values 
and in perspective that thirteen years of intense genetical research have produced. 
Also, incidentally, one caimot help being struck by the difference between the big 
philosophic outlook and synthetic grasp of Bateson’s volume, and the widely ranging 
but far less coherent and more intensive outlook of Morgan’s volume. 

Viewing the present book in the light of the past thirteen years of research, which 
is just one- half the age of modern genetics, one cannot help feeling that fresh points 
of view are needed in this field of work. For twenty-six years genetic research has 
l)een almost entirely a matter of c^d^ological detail and of juggling with Mendelian 
factors in experimental hret'ding: the physiological bases of the genotype and the 
environmental conditioning of the phenotype have been neglect^. In very few 
genetics’ lalK)ratories are there first-class physiologists at work and yet these could 
do much to widen the present canalised approaches to genetical problems and to drive 
new avenues. 

The volume (jontains a very useful bibliography which would have been still more 
useful if it contained references to more of the authors mentioned by name in the 
text. For example — and this is only one of many in the book — in discussing 
Tetraiujchus binmculatvs th(? references given are '‘(Perkins, H. A. Morgan, Bank, 
Ewing, Parker),'’ not one of whom is mentioned in the bibliography. The volume 
also apparently contains errors on pages 12, 1 1.3 and 293 and in Figs. 11,12 and 141, 
but otherwise it is beautifully produced, both printing and binding, and the illustra- 
tions are admirable. 

The Theory of the Gene is an up-to-date presentation of the views of one of the 
most eminent of living geneticists and taken in conjunction with his Mechanism^ of 
Mendelian Heredity (1923), and his recent detailed monograph on the Genetics of 
Drosophila ( 1925), it gives one a very good idea of the present position of the monu- 
mental researches that arc ste^uiily taking shape in the Columbia laboratories and 
of the lines of thought that are crystallising out in them. No research worker in 
applied biology can afford to neglect these more theoretical aspects of genetics, for 
they underlie all practical problems of disease, of crop growth, animal husbandry, 
economic breeding and the like. 

WILLIAM B. BRIERLEY 


Life of Plants. By Sir Frederick Eeeble. Clarendon Press, Oxford, 
1926. Pp. 256, Figs. 51. 5s. net. 

Since Chapters in Modern Botany by Geddos, the only botanical pocket volumes 
that one remembers as worth while are Praeger’s Open Air Studies in Botany, the 
volumes by Scott and Farmer in the Home University Library, the Cambridge Manuals 
by Sewarfl and Bower and Dixon’s lectures. The present volume bears comparison 
with those. It is packed full of meat and yet so easily is it written and so apt are 
the allusions and illustrations that the reader is almost unaware of the strength of 
his diet. Life of Plants is an Essay in Botanik rather than a botanical text-book and 
presents essentially a personal point of view. Many a botanist might quarrel with 
the author's perspective* and balance of values, his avoidance of disease and death 
which are a too often neglected aspect of plant life, the little attention given to the 
dominance of gametophyte or sporophyte phases in different plant groups, the 
confident acceptance of hormones to explain unification of behaviour, the neglect 
of the mort^ "social” aspects of plant life and so forth. That one finds so many points 
on which to differ is a tribute to the unusual and stimulating quality of the book. 
The volume is finely printed and bound and the illustrations are refreshingly original. 


WILLIAM B. BRIERLEY 
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Contritmti(m8fT(m the Harvard Institute for Tropical Biology and Medicine^ 
III, 1926. Cambridge (Mass.): Harvard University Press; London: 
Humphrey Milford, Oxford University Press. 4to; 110 pp. and 
4 Plates. Price 11^. net. I. Report on Sugar-cane Borers at Soledad, 
Cuba, by G. Salt. II. Dry-Season Studies of Cane Homoptera at 
Soledad, Cuba, by J. 6. Myers. 

The first of the above articles lieals with observations on sugar-cane borers made 
during a period of about ten weeks at Soledad, Cuba. As might be expected, the 
brevity of the time dovotcKl to so comprehensive a subject did not allow for any very 
detail^ studies to be made. Although there are in Cuba a number of scientific 
workers engaged upon various problems, very few are entomologists, and the need 
for information respecting borer attacks is urged as the excuse for what would other- 
wise have been regarded tvs a too hastily compiled publication. Jt appears that thc^ 
1924-25 sugar-cane crop at Central Soledad was infostfHl by moth borer (Diairaea 
saccharalis) to the extent of 18*5 per cent, of all canes arriving at the mill. It is 
claimed that actual counts made at the mill are more reliable than held counts in- 
volving the same amount of time and work. There is, however, a wide range in the? 
percentage of infestation of this insect in the various colonius or plantations: in one 
colonia only 5*7 per cent, infestation is recorded while the highest infestation amounted 
to 33-36 i^r cent. The distribution of the attacks appears to be influenced by topo- 
graphy, hills being infested to a lesser degree than valleys, and the high-land colonifvs 
show a lower percentage of attack than low-lying colonias. As an explanation it is 
suggested that since the Diatram seems to have a preference among wild plants for 
aquatic grasses, the physiological state of sugar-cane in low lands and valleys more 
nearly simulate® that of suesh grasses and suffers heavier depredation in consequence. 
In view of the fact that natural control by means of parasites, although detinitely 
beneficial, does not sufficiently dominate the situation, various control practices arc 
recommended. Of the several measure® advised it is interesting to note that tlic 
burning off of infested cane fields before cutting, and also of the trash after cutting, 
is recommended to be discontinued. It has been shown in Louisiana that trash 
burning is very detrimental in destroying great numbers of a beneficial egg-parasite 
without any commensurate advantage resulting, and the same is assumed to be true 
in Cuba. A list of parasites is given at the end of the article and the most important 
is the Tachinid Lixophiga diatratae which, it may be added, has been purposely 
introduced from Cuba into other sugar-growing countries. Among otlier cone- borers, 
the weevil borer (Metmnuaius sericeus) appears to be more serious than was previously 
supposed, while on the other hand injuries occasioned by Xifld}oru^ sp. and by 
Termites are considered to be of little importance. 

The second article is likewise the result of a brief sojourn at Soledad and is written 
by Mr J. G. Myers. His object was to study those members of the suborder Homoptera 
involved, or possibly involved, as carriers of mosaic disease of cane and allied grasses. 
The article is intended only as a prelininary study of the situation as it appears in 
the driest season of the year. Our present knowledge of cane mosaic transmission 
by insegts is summarised, and it may be said that the corn leafhopper can transmit 
mosaic from corn to com but does not occur in cane. ApAt# Tnaidia can carry the 
disease from other grasses to cane, and the aphid Carolinaia cyperi transmits the 
disease from sedge to cane. None of these occur normally on cane but the two last- 
mentioned species have been shown to migrate to cane when their weed host-plants 
are eliminate. The question of insect vectors has not received much attention at 
Soledad where it appears that Aphia maidia is very rare. Whether there is any other 
factor than diseased seed- pieces to explain most of the present distribution of mosaic at 
Soledad is to the author an open question. Ho discusses the evidence for the incrimina- 
tion of other cane Homoptera and finds that there are only nine species that, under 
dry-season conditions, can properly be regarded as true cane inhabiting forms. There 
appears to be no evidence that any of these function as vectors of mosaic disease. 

A, D. IMHS 
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PUml NtUrition and Crop Production. By E. J. Bussell. Cambridge 
University Press, 1926. Pp. ix + 115 with 21 Plates and 37 Text-figures. 
Price 12s. 6d. net. 

The present volume embodies tho Hitchcock lectures delivered in the University 
of California by Sir John Russell in 1924. 

The subject matter is divided into five chapters entitled respectively. The study 
of plant nutrients; Positive science and exact demonstration; Uecay and the living 
plant; The soil micro-organisms; Tho soil and the living plant. In the first of these 
tho author traces the history of the study of plant nutrition from the early specula- 
tions of Thales (600 b.c.) and tho equivocal experiments of Van Helmont (1620) to 
modern times. It was not till the dawn of the nineteenth century that the modern 
era of exact knowledge may bo said to have begun with tho publication of do Saussure’s 
Jtecftsrchea chimiqueft sur la Vegetahov. In 1834 Houssingault initiated exact field 
experiments, quickly followed by Liebig’s valuable generalisations, in w’hich the 
capacity of plants to utilise simple organic compounds was for the first time ade- 
quately emphasised. It was Liebig’s work that inspired Lawes’ experiments with 
artificial manures, which demonstrated the importance of phosphates and nitro- 
genous compounds and led to the commercial production of superphosphate. 

The development of research on manurial treatment, the problems of increased 
yield in crop production, are here presented in the clear and logical manner of which 
the author is a past master. By the careful selection of detail the reader is led to 
the realisation of the full complexity of the problem when ue attempt to grow two 
blades where one grew' before. Far from being simple the process involves the modifi- 
cation of a wdiole chain of (jonditions and phenomena, in which success is dependent 
on the strengthening of each individual link. We are concerned not merely with the 
direct reaction of the sfK*cies to a particular treatment, but with its effect on the 
associatfHl organisms both macrosco])ic and microscopic, its effect on the physical and 
chemical constitution of tho soil and on the manner in which the soil itself and the crop 
it bears reacts to the climatic environment. Not the least important of the variables 
with which we interfere is the organisation of the individual plant, the reaction 
of whose internal environment is racKlilied by the changed external conditions. 

The striking differences w Inch organisms of the same genotypic constitution may 
exhibit in their phenotypic expression, as witness the development or non-develop- 
ment of supernumerary legs in the fruit fly according to the temperature of their 
environment, opens up a wide vista of possibilities over and above the selective 
action which manurial treatments and soil-amendments will inevitably exert upon 
the numerous genotypic strains whir-h comprise a cultivated race, and which may 
only be capable of selection by physiological means. 

The author recalls the old controversy regarding the relative merits of artificial 
fertilisiirs and farmyard manurt', both of which are now' recognised to have their 
appropriate place in agricultural economy. Though we have travelled far in the 
short period since Lawes and Gilbert conducted their first experiments, yet how great 
a distance has yet to be covered is shown by the wastefulness of our existing methods, 
strikingly illustrated in the balance sheet of calories for the Broadbalk field w'here, 
to produce food for two men, energy sufficient to feed twelve is dissipated ! Further, 
the delicacy of the balance which has to bo maintained is indicated by the com- 
parative constancy of the carbon-nitrogen ratio under equivalent climatic con- 
ditions. Fertilisers or partial sterilisation are means of restoring the appropriate 
balance between chemical constituents on the one hand and micro-organisms on the 
other; indeed it may be questioned whether if such treatment permanently upset 
the balance, the consequences might not be as drastic as those which have followed 
the artificial disturbances by man of the balance of nature in Australia and New 
Zealand. 

Sir John whilst rightly stressing the complexity of the problems involved indicates 
the lines along which further progress may be looked for, and in particular the need 
for investigations on the lines of pure science unhampered by the trammels that 
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enmesh the empiricist and technologist. In no direction may greater advance be 
looked for than in our knowledge of the micro-organic population of the soil, and the 
author envisages the time when the soil fauna and flora of cultivated lands shall be 
tamed in the service of man. 

It would demand a volume many times the size of this work to epitomise the 
achievements in agricultural research, but the reader of these pages will obtain a 
clear idea of the trend of modern investigation and the value of pure science to the 
practical man. If proof of this latter were needed, no better example could perhaps 
be cited than the electrically charged ploughshare which appreciably reduces the 
frictional resistance of the soil, for this was a direct outcome of the study of soil 
colloids than which no subject, superficially, would appear more academic or more 
widely separated from the immediate interests of the farmer. 

E. J. SALISBURY 

Citrus Diseases and their Control. By H. C. Fawcett and H. A. Lee. 
McGraw-Hill Book Co., 1926. Pp. 582. Figs. 205 (15 coloured). 
25^. net. 

Plant pathology is arriving at the stage when the amount of data available is so 
great that special treatises on diseases of particular host plant-s, or on pirticular 
ivspects of disease, are not only desirable but iu‘C08Hary. VVe have had such early 
volumes as that of Delacroix on Les Ma/miieft et Jes ennamus Caj'eierfi^ or of Watt on 
The Peats and Blightn of the Tea Platif, and more recently Hiley’s Finnjal Diseases of 
the Common Tuarcdi, Fetch’s Disease's of the Ten Bush and Diseases and Peats of the 
Rubber Tree^ but the present work by EaA\cett and Ixje on ( 'ilrua Diseases and. their 
Control sets a new standard in such publications. The book itself runs to nearly (KK) 
closely packed pages, and even so, does not include diseases due to insect pests. 

The volume is divided into four parts. ITie first seven chapters are devoted to 
general considerations such as the history of citrus-diseaso investigations and the 
structure and physiology of citrus; tyfies of citrus diseases and tin* inevitable outline 
classification of fungi; the geographical distribution of citrus diseases; conditions 
affecting severity and distribution of citrus diseases; general principles of prevention 
and treatment of citrus diseases; fungicide's, disinfectants, paints and waxes; cultural 
operations in relation to citrus diseases. 

This first portion is very unequal in treatment as though the authors had not 
clearly in their minds the audience they were writing for. Wliat doi^s stand out, 
however, in this very interesting discussion, is the empirical nature of much of this 
general knowledge, and the little we know, more particularh', of the geographical 
distribution of disease and of its climatic and cultural relationships. It is, of course, 
extremely difficult and often impossible to collate such generalised pictures from 
scattered publications, partly because of the different degrees of aeiuiracy of work in 
different countries, and partly because in some countries the reipiisito workers arc 
absent, or where they are present, the work is often done' or described from such 
different points of view that there are few comparable features. The collaboration in 
the prcf^ent volume of two authors of unusually wide experience has enabled them to 
surmount many of these difficulties. Nothing can be more valuable in this reaped 
than the practice increasingly adopted by American specialists of visiting the different 
countries in which some particular crop or disease occurs, and so enabling a compara- 
tive survey of the whole situation to be made by one pair of eyes. Such a system 
could be most usefully grafted on to our own practice in the overseas dominions and 
colonies. The need is met to a certain extent in our Imperial Bureau of Mycology, 
which functions liiost efficiently as a central information bureau, exchange and clearing- 
house, but a vast amount of good would result, if there was more free movement and 
exchange between mycologists themselves in the colonies and overseas dominions. 
Such a visiting, loan or exchange system, would of course be very difficult to ad- 
ministrate, but within the British Empire the opportunities are unequalled and the 
advantages accruing would far more than compensate for the effort. 
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To return to our volume^ the three remaining portions are a straightforward 
account of the diseases of the (iitrus tree; part ii, dealing with root and trunk diseases; 
part III, with diseases of branches, twigs and leaves, and part iv, with fruit diseases. 
It is interesting to note how many of the diseases of roots and trunk and of fruit are 
caused by soil-dwelling fungi. I'his is an as|)ect of plant pathology that has been 
vaguely rcaliseti for some time, but only recently has it assumed a prominent place. 
There is very little doubt that the soil is a great reservoir of disease-causing fungi, 
which, in numerous cases can live for long periods if not indefinitely in a saprophytic 
state, becoming parasites when the ojiportunity offers. Some years’ experience of such 
work It^ads one to susjiect that there are very few parasitic fungi indccnl, which, able 
to live snprophytically, cannot sooner or later be isolatetl from soil. The number of 
different kinds of parasitic fungi present in soil is legion, and it is onl}’ a question of 
applying suitable methods in order to isolatii them. Not onl}^ in citrus dLscases, but 
in diseases of all crops, far more attention must in future be paid to soil microbiology. 

Parts II, III and i v of tlie hook are a most adeejuate summary of our knowledge, and 
the authors have siujceedc^l in occupying the position defined in their preface that 
they “liavc attempted to present in this book a discussion of the present information 
on citrus diseases occurring in all parts of the world wIktc citrus fruits are grown.” 
In the consideration of all diseases spraying and cultural treatments are recommended 
where these arc known and feasible, but the emphasis throughout is laid on the value 
of grow ing resistant or immune varieties as the only permanent and really satisfactory 
method of disease control. 

One of the best chapters in the volume is the last on ‘(IcTUTal Problems of De- 
terioration and Decay of dtrus Fruit,” and this pomts the way to developments of 
plant piithology to which, in this canintry, far more attention should be given. We 
are too apt to think that the work of the plant pathologist stops when the field crop 
is gathered, whereas it only really slojw when tlie pnaluce is consium*<l. Storage, 
transport, and markets’ pathology are hardly known ben* and present a large and 
promising fieltl of stu(U . 

(’onsidenng the size and nature of the book the lonsistently high level of writing 
is unusual. One cannot help liking the earIy-\'ietonan savour of the U*rm “Internal 
Decline of Lemons ’ or appreciating the description of sour rot as “A ])utrid, sour, 
dirty, leaking, m a ugot -filled mass of mud.” J’hcre is however loose wording on 
pages 118, .’It):?, .*I)>2 and 422, and misprints have b(‘en noticed on pages .’17, :IS, 1)8, 

I i:i, 11)8, 27t», ;ii I, :r»L r>t)(), r»4:i and .m 

The book is illustratisl by 100 te.vt-figures, many of the photographie r<*produc- 
tions being curiously flat, and orcaMonally {cjj, fig. 82 n), frankly hjKi. In Figure 15.*I, 
the “.A” and ' B*’ referred to in the legend are not marked in the print. There are 
also 15 plati's which contain some of (he best colour photographs of plant diseases 
yet pnblishe<i. The bibliography runs to 18 pages and is an extremely useful and 
accurate compilation; the imlox is full and convenient to use. Tlie actual format of 
the book has the technical excellence of all the volumes in this line seric*^. 

'fhe preparation of the volume, in which so much of the matter is the outcome 
of th(' autluirs’ ]U‘rsonal rt'sea relies, is a very fine achievement, and sets a standard 
that will be difiii ult to eijual. The book will immediately take rank as the authoritative 
and indispensabh* work of refcrenct* on the subject. 


WILLIAM B. BRIERLEY 
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OBITUARY 

Pbof. F. W. gamble, F.R.S. 

Prof. F. W. Gamble, D.S(j., F.R.S. , died at Alvechurch, Worcestershire, on September 
14th last at the ago of 57. Bom at Manchester in 1809 he was the son of the late 
Mr William Gamble of Amside, Westmoreland. His early education was at the 
Manchester Grammar School and from there he passed on to the University of that 
city. It was here he (!ame under the influence of the teaching of the late Prof. Milnes 
Marshall, and Gamble proved one of his most successful pupils. His university studies 
culminated in his graduating with first class honours in zoology in 1891, and his 
appointment to a Berkeley Fellowship in the foUowing year. After a period of study 
at Leipzig University he returned to Manchester in order to take up the post of 
lecturer in zoology. Gamble w'as a sound and successful teacher in hisu/ma mater, and 
this had much to do wdth his subsequent appointment (in lfM)9) to the chair of 
zoology at Birmingham University, a post which he held up to the time of his death. 
In his early years as a University teacher he accomplished useful research work, and 
his first important memoir was on British Marino Turbcllaria, which appeared in 
1893. This work was followed by several researches of outstanding merit carried out 
in conjunction with colleagues. Mention ncHMls to be made qf the fine memoir on 
Arenicola, prepared in conjunction with Prof. J. H. Ashworth, and his experimental 
studies on the colour changes of Hippolyte and on the bionomics of Convolulu, both 
works being carried out in collaboration with Sir F. W. Keeble. Aft-er his appointment 
to Birmingham heavy teaching duties fell upon Prof. GambUi, and for a time he also 
acted as director of a small school of agricultural helminthology which had been 
established, in ^conjunction with his department, by the Ministry of Agriculture. 
For a short period he served as a member of the Research (Jouncil of that same 
Ministry. Prof. Gamble was also a member of the Council of the Association of 
Economic Biologists at the time of his death, but ill-health was responsible for his 
inability to attend its meetings. To the general student he w'as perhaps best known 
as the editor of several successive editions of Marshall and Hurst’s well-known Practical 
Zoology, In 1907 he was elected an F.R.S., and in 1924 he presided over the Zoology 
Section of the British Association at Toronto. Prof. Gamble was married in 1904 
and his widow survives him: he leaves no children. 


A. D. I. 
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THE GERMINATION OF POA SPR 

By ALEXANDER NELSON, B.Sc., N.D.A. 

{Scientijic Departnienty Messrs David Bell, Ltd., Leith.) 

(With 7 Graphs and 2 Text-figures.) 

A LARGE proportion of the “seeds” used in agriculture is included in 
the Natural Order Gramineae and, arising out of the present day 
insistence on a viability test previous to sowing, the laboratory germina- 
tion of this class is a problem of importance. 

Regarded from the point of view of volume of trade, the genus Poa 
is not of prime importance. Regarded from the point of view of the 
seed analyst, however, the fickle nature of the species of the genus in 
germination gives them considerable interest. 

The present study was planned, in the first place, to analyse the 
action of the various factors bearing on germination and correlate them 
one to the other. The action of various salts was studied, and later, the 
soil as a substrate was introduced. 

Numerous workers have shown that alternation of temperature and 
exposure to light are aids to germinating “seeds” of the Poas. These 
two aids are part of the method standard in British laboratories 
(Saunders (21)). In American laboratories a 1 per cent, solution of potas- 
sium nitrate is commonly used in place of tap-water as a source of 
moisture. The nitrate increases the speed of germination and the total 
number of seeds germinating. 

Material. Samples of “seed” of the four common species {cx)mpressa, 
nemoralis, pratensis and trivialis), crop 1924, were obtained and kept 
under room conditions until February, 1925, when tests were commenced. 
The purity of the samples to specific character was checked from 
Hellbo(7). As each test was sown the “seed” to be used was drawn from 
the sample, care being taken that each individual was made up of a 
pair of “glumes” and a caryopsis. 

Apparatus and Methods. Large, locally made, gas-heated tanks of 
the Jacobsen pattern, as shown in Fig. 1, were employed. Each 100 of 
“seeds” was sown on a circular blotting paper pad laid on two blotting 
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paper rings. The pads were supported on glass bars running across the 
tank and kept moist by a length of miners’ wick dipping into the tank 
water. Small clear-glass bell-jars covering the tests prevented excessive 
evaporation without excluding light (see Fig. 2). 

“Constant temperature” indicates that the water in the tank was 
kept practically steady at 25° C. “Alternating temperature” indicates 
that the tank water temperature was for 16 hours (5 p.m. to 9 a.m.) at 
20°-23° C. and 8 hours at 35°"37° C. The temperature of the seed-bed 
would be a little lower than the water temperature, the gap depending 
on the difference between the water temperature and the temperature of 
the room. Harrington (C) has shown, however, that the alternation is 
more important than the temperature. 

Tests “in the dark” wore carried out by substituting brown bell-jars 
covered with brown paper for the clear-glass ones described above. 
When any salt solution was to be employed, the pad, rings and wick 
were moistened with it and the wick allowed to dip into a small jarful 
resting in the water on the tank bottom. Thus, except when the tem- 
perature conditions had to be varied, all tests were situated very close 
together and received exactly the same conditions except when these 
were deliberately altered. 

In all the graphs in this paper the period of the test in days is plotted 
along the base, and the number of “seeds” germinating, on the vertical 
scale. Every seven days the “ seeds ” which had germinated were counted 
off, except in the soil tests where they were counted off from day to day. 
Each of the four species mentioned above was in turn subjected to test 
by each of the undernoted methods, a pad carrying 100 “seeds” being 
allocated to each method. 


No. 

Temperature 

Lighting 

Moisture supply 

1 

Constant temperature 

Dark 

Tap- water 

2 

*9 99 

Daylight 

»> 

3 

99 99 

ft 

1 % solution KNOj 

4 

99 99 

Dark 

ft » 

5 

Altc*rnating „ 


Tap-water 

6 

ft 

Daylight 

>» 

7 

ft ft 

»> 

1 % solution KNO, 

8 

ft ft 

Dark 

ft ft 


Dismssion of Graphs 1-4. Considering for the moment Graph 1, 
which applies to Poa compressa, and dealing only with the first 28 days 
(the standard period for a routine test), it is seen that the curves form 
two main groups. The first group (methods 1-4) having been subjected 
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The Oerm inaiion of Poa ^p. 

to constant temperature is of low germination. The second and higher 
group had alternating temperature. The difference between the two 
groups is distinct and conclusive. Within each group a certain arrange- 
ment manifests itself. At the base of each group lies the pad receiving 
no stimulation either from light or potassium nitrate. Next in ascending 
order comes the pad receiving light, then the pads receiving potassium 
nitrate. Potassium nitrate seems to be effective irrespective of the 
action of light. 

When these tests had run their standard course (28 days) each pad 
was “stepped up” one place in what had thus been indicated to be the 
scale of stimulation. Pads 1-4 were now subjected to alternation of 
temperature: pads 4 and 5 were illuminated: pad 6 was changed to 
potassium nitrate solution, while pads 7 and 8 were withdrawn. The 
effect of these changes was immediate and striking, confirming the 
tentative conclusions based on the first period. The pads of the low group 
when transferred to alternating temperature responded at once, giving 
curves similar to their counterparts of the first 28 days, and differing 
only in that they rose higher — this might be explained by the pre-soaking. 
Following the curves of the “low group” through, it is seen that they 
tend to flatten out at various points, but that then the introduction of 
another ‘‘step up” in stimulation produces another rise. The two pads 
on the alternating temperature group behave in a similar sort of way: 
“seed” on pad 5 when illuminated at the 28th day immediately re- 
commenced germination and continued until the 42nd day, when it 
stopped: given nitrate solution at the 49th day “complete germination” 
resulted. Pad 6, tested by the British standard method (alternation of 
temperature, light and tap-water), stopped germinating on the 21st day 
with a total of 60 per cent. : given potassium nitrate on the 28th day it 
eventually exceeded any other pad. 

It is thus seen that Poa compressa is very sensitive to conditions of 
temperature, light and the character of the moisture supply. Alternation 
of the temperature is of first importance followed by the supply of 
potassium nitrate. These two together can produce satisfactory results 
and render the analyst independent of the light supply, but it is better 
to allow access of light rather than to screen the tests. 

Poa nemoralis (Graph 2) appears to be less sensitive to the three 
factors studied than was P. cA)inpres8a^ and further, they seem capable 
of replacing each other to a greater extent. For instance the pads 
subjected to alternating temperature all germinated at or about 
the maximum and the differences between them are not significant. 
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Therefore, it would appear that alternation of temperature is the only 
essential factor with this species, light being practically unnecessary and 
tap-water sufficient. In the “constant temperature group,” however, a 
certain arrangement manifests itself, in that the two pads in the dark 
(1 and 4) are significantly lower than the two in the light (2 and 3). 
Further, in either pair the pad receiving KNO 3 is the higher of the two. 
“Stepping up” the pads produced significant responses, as was the case 
with Poa compressa. It may be concluded from these tests that Poa 
nemoTolis will give satisfactory results when any two of the three 
stimulating factors are operative. 

The results obtained with Poa pratemis (Graph 3) are somewhat 
similar to those obtained with P. nemoralis, though the effect of alter- 
nating temperature appears to be of greater importance and not re- 
placeable by potassium nitrate and light. The behaviour of pad 2 
(constant temperature, light and tap-water) is difficult to account for. 

Poa Irivialifi is quite insensible to variations in the conditions as 
studied, except that the pad lowest in the “scale of stimulation” (con- 
stant temperature, dark and tap-water) is significantly lower than the 
others at the end of the standard period. Further, this deficit is made 
good by “stepping up,” ix. alternating the temperature. 

The data offered here do not warrant any extended theoretical 
discussion of the processes underlying the various effects noted — 
especially apparent in the case of Poa compressa. Each factor evidently 
has a multiple effect, affecting more than one aspect of the life of the 
organism or, perhaps more accurately, the activities of the individual cell. 

Harrington ( 0 ) in reviewing the subject of alternation of temperature 
mentions a number of hypotheses advanced by earlier workers to account 
for somewhat similar effects in other species. Briefly these are: 

(i) That temperature alternation affects water intake. 

(ii) The reserve of materials made available at any given temperature 
is wholly or largely used up in respiration, but a slight surplus be- 
coming soluble at a higher temperature is available for growth when 
the temperature is lowered with consequent reduction of intensity of 
respiration. 

(iii) The whole effect of temperature alternation is due to oxygen 
relationships. 

(iv) With alternation of temperature there is more lively gaseous 
interchange with consequent increase of respiration. 

In discussing these with reference to the present study a number of 
lines of evidence taken from work covering the general flora may be 
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cited, though their application to germination must be guarded. Hoag- 
land and Davis (S) discussing the absorption of ions by plants from dilute 
solutions show that light exerts a considerable effect in the case of an 
alga (Niiella), These writers conclude that the absorption of ions by 
plants from dilute solutions involves energy exchanges, with light as 
the ultimate source of energy, and they suggest that this absorption is 
intimately related to growth and metabolism. Jeffs (lO) suggested that 
the light-growth-effect reaction of multicellular organs is not due to 
increase in cell elongation simply, but to some other effect of light such 
as change in the rate of cell division. The periodic nature of cell division 
noted by Kellicott (12) in Allium cepa^ which probably holds good for many 
other plants, may be correlated in some way with the germination 
response to periodic alternation of external conditions and in this 
connection it is interesting to note that Reed (is) has shown that Spirogyra 
can be stimulated to divide by keeping the filaments at a low temperature 
in the dark and then transferring to optimum conditions of light and 
temperature. 

That germination in its initial stages, at least, is not growth simply, 
must be remembered; and, as is well known, conditions affecting growth 
do not necessarily affect germination with equivalent .force but the 
possible energy effects of light and temperature and their effect on cell 
division are clearly indicated. Other effects, such as increased permea- 
bility, quickened gaseous interchange and altered respiration likewise 
probably add their quota to the germination responses noted above. 

In this discussion and also in what follows it is considered unnecessary 
to allow for any effect of the plant on the culture medium as reported by 
Hoagland(9) because of the short period during which the plant is 
active: growth has proceeded only a short way when the seedlings are 
counted off. 

Turning to consideration of the stimulation resulting from the use 
of potassium nitrate it would again appear that the effect is complex. 
Most of the published work connected with this aspect deals with 
tissues from the mature plant or at least with the plant long after 
germination. 

Nobbe, Shroder and Erdman(i6) indicate that potassium has an effect 
on the translocation of starch. Copeland (2) states that potassium is 
a direct factor in increasing the turgor of the cell. Purvis (17), working 
with DaciyliSf concludes that potassium salts influence the physiological 
condition of the plant or its chemical composition. Macallum(i3) has 
shown that potassium is always found where new outgrowths are in 
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process of formation, while Dowding(4) concludes that potassium is 
essential to all meristematic tissue. Reed(i8) has shown that potassium 
is necessary for the germination of moss spores. This general and wide- 
spread connection between potassium and actively developing tissue, 
coupled with the fact that Reed(i8) found potassium essential for 
mitotic division, leads to the conclusion that potassium affects the 
dividing nucleus in a favourable way. Another mode of action for 
potassium may be to stimulate respiration as noted by Matthews (14) who 
also says, “ The general richness of potassium in cells of widely different 
character indicates that this element must be concerned with some 
fundamental process or condition in the cell, and it is possible that that 
process is respiration. But just why it is favourable and what its real 
function is it is impossible to state.’" 

To sum up, it seems reasonable to believe that each of these 
three factors studied has a number of modes of action, the value of 
these depending on the species in question and the condition of the 
seed at the time of the test. Their relation to the question of increased 
or accelerated nuclear division, though not previously considered in 
connection with germination effects, is undoubtedly of some considerable 
significance. 


Further Work in the Laboratory. 

The next step was to compare the action of various salts in solution 
when used as the moisture supply. All this work was done on the sample 
of Poa compressa used for the tests shown on Graph 1 . The salts selected 
included the nitrates commonly used as manures in general agriculture, 
i.e. calcium and sodium nitrates. Lead nitrate which Berry (i) found 
stimulating to the growth of oat plants was also included. All the tests 
shown on either Graph 5 or 6 were run simultaneously. 

For Graph 5, ()•! per cent, solutions (except one pad of lead nitrate) 
were employed and the results indicate that in promoting germination 
nitrates of potassium, sodium and calcium are superior to the control 
(tap-water) in the order named. Lead nitrate proved to be distinctly 
depressant, though of the two concentrations used the lower one had 
less effect. It was very interesting to note in this and all other tests 
with lead nitrate in concentrations such as these, that the glumes of 
the “seeds” all expanded and the appearance of the test at an early 
stage promised a high result. The concentrations used are very much 
higher than those employed by Berry. Later tests (when the seed may 
have altered in character) with a graduated series of concentrations in 
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light and dark indicated that at no strength was a solution of lead 
nitrate stimulating to germination. 

In Graph 6, again, a number of salts are compared. Ammonium 
nitrate was found to be at least equal to potassium nitrate in stimulating 
effect. Sodium and potassium nitrites were depressant while the lead 
salts, nitrite and basic nitrate, were also extremely depressant. The 
relative positions of sodium and potassium nitrites are interesting as 
they are the reverse of the nitrates of these bases, and suggest that the 
ions must not be considered alone but together, though the different 
effect of the different products following on ionisation must not be 
forgotten. Stiles (22) and a number of observers mentioned by him have 
shown that potassium is more rapidly absorbed by plant tissue than 
sodium, and either of them more rapidly than calcium: this is the order in 
which the nitrates of these bases fall when arranged according to their 
stimulative effect on the germination of Poa comjiressa. The effect of 
lead salts in proportion to their concentration is in agreement with the 
findings of Dil]ing(3) who noted the effect of lead acetate on cress and 
mustard seedlings. 


Soil Tests. 

The same sample of Poa compressa was used for the soil tests as was 
employed in the laboratory tests. 

Method, Small pots (60’s) were filled with some 150 gm. of air-dried 
potting soil passed over a No. 6 sieve. 0-1 gm. of salt was dissolved in 
100 c.c. of tap- water and tliis used to saturate the soil, one salt being 
allocated to each pot. The surface of the soil after mixing was lightly 
pressed level and the seed sown one by one, each being gently pressed 
into the surface. Williams (23) has shown that for Poa pratemis, at least, 
the seed should not be buried. 

In the tests shown on Graph 7, in addition to the pots used for the 
seven salts experimented wdth, three pots were included w'hich had been 
moistened writh tap-water only — ^these were included to try the effect 
of different degrees of lighting. Each pot was covered with a small 
square of 21 oz. glass and over all a sheet of “glassene” paper was 
spread, except over one of the tap-water pots. The seed in this pot was 
thus exposed to the full glare of the sun, the curve of this test being 
designated “sunlight.” One of the remaining tap- water pots had its 
glass cover painted over with black enamel: this pot provided the 
“dark” results. The tests were conducted in a greenhouse in the south- 
east of England, the sunlight being brilliant and the temperature as 




Hraph 7. 

Soil tesf^. 

— — Sunlight 

ShadtMi daylight 

Dark 

I— I Lead nitrate 
-►-•-Lead „ (Basic) 

-♦-•- Lead nitrite 
— o— Calcium nitrate 
Ammonium „ 
Sodium „ 

Potassium „ 

Nitrites of sodium 
and potassium gave 
no germination 
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read on the maximum-minimum thermometer very much like the 
alternation produced in the laboratory. “Seeds” germinating were 
counted off from day to day and the tests ran for 28 days. As the soil 
in the pots dried it was moistened with its appropriate solution by sub- 
irrigation. It is of interest to note that the “dark” pot and the pots 
moistened with nitrites (all bases) did not dry so quickly as the others, 
this difference between the pots being very striking. 

Consideration of the results plotted in Graph 7 shows that of the 
three pots moistened with tap-water the one in shaded daylight is very 
significantly higher than those in “dark * or “sunlight.” This indicates 
that the pots moistened with salt solutions were in the best light 
conditions. 

Morada(i''>) has shown that exposure to full sunlight for the whole 
period available per day has a depressing effect on the germination of 
Carica papaya, though exposure for a short time proved beneficial. 
Dark, he found, induced dormancy. 

Considering the tests where salt solutions were employed, the very 
striking fact emerges that the salts found to be stimulating in laboratory 
w’ater culture proved to be the most dejuessant in the soil, while the 
salt most depressant in water culture w^as the only one which equalled 
or exceeded the best control (tap-water). As has been noted, all the 
nitrite pots held the moisture much better than the others, but though 
the lead nitrite pot produced the largest number of plantlets the nitrites 
of sodium and potassium produced not one. Another point of interest 
was that the surface of the soil in all the pots excepting the “dark” 
and the “sunlight” pots and those moistened by sodium and potassium 
nitrite was covered in varying degree with a green alga. The lead nitrite 
pot had easily the heaviest growth of alga. Thus, while it may be that 
some of the stimulating effect of the lead nitrite on the seed was due to 
the better moisture conditions, it must be noted that the dark pot and 
the sodium and potassium nitrite pots provided equally good physical 
conditions but very much lower biological results. 

Why there should be such a complete reversal of germination effect 
between the two groups of salts is difficult to explain, but the results 
certainly confirm the conclusion of Jensen (ii) who worked with wheat 
seedlings. Discussing the toxic effect of salts, that writer concludes 
that it does not follow that because a salt is highly toxic in solution 
it is equally so in the soil, nor that one which holds a relatively high 
position in the toxic table of the soil should occupy the same relative 
position in solution cultures. It would appear too, from the results here 
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presented, that the same sort of conclusion is equally true of the stimu- 
lating effect. 

Berry (1) noted in growth trials with oats that lead salts induced 
fleshier, broader and darker coloured leafage: this too was clearly seen 
in the tests reported here, the first leaves of the seeds which germinated 
on the lead pots being decidedly darker in colour, broader and more 
fleshy than those on the non-lead pots. 

General Discussion. 

All the results reported here bear on several practical problems, 
more particularly on such questions as to how far laboratory tests are 
referable to soil conditions, and also in what way artificial manures may 
affect germination in the field. With regard to the first question it is 
interesting to note that the soil test in “shaded daylight” compares 
favourably with any laboratory test, though it must be remembered 
this pot would be under ideal conditions not likely to occur in the open 
field. With regard to the second question it is indicated that none of 
the manuiial salts commonly employed in agriculture should be applied 
while grass “seed” is germinating. While the average Qoncentration in 
the field would never be as high as those used in these tests, owing 
to the irregular distribution of the manure, certain areas would un- 
doubtedly reach the concentrations here described and so, possibly, 
lead to a “patchy braid.” These results obtained with Poa compressa 
may not apply absolutely to other grasses more commonly employed in 
agriculture. 

The effect of lead salts on the growth of the alga and the physio- 
logical effect evidenced by the deep coloration accompanied by increased 
Aftafiiness of the grass leaf requires further study but of peculiar interest 
are the results obtained by Reznikoff(i9) working with Amoeba, This 
worker using PbClg found two effects, one on the cell surface he ascribed 
to an effect of the acid formed following on ionisation of the salt. 
A second and more fundamental effect occurring within the protoplasm 
he ascribed to the cation. Only the first mentioned of these two effects 
was lethal. Reznikoff suggests that lead within the cell reacts with the 
phosphates and carbonates. This may be the mechanism resulting in 
the leaf effect described above. 
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Summary. 

The paper in its first part deals with the germination response, in 
the laboratory, of four species of Pan to variations of temperature, light 
and the nature of the moisture supply. The second portion deals with 
the same response of P, mmpressa to solutions of various salts used as 
moisture supply. The third part deals with the germination of P. com- 
'pressa in the soil when all tlie above factors were varied. In the labora- 
tory, alternation of t(miperature proved to be, generally, the most 
efficient stimulant followefl by light and a solution of potassium nitrate 
as moisture supj)ly. P. c^mipressa proved to be more sensitive than any 
of the other species considere<l, P. pratemis and P, ttonoralis rather less 
so, while P. Irivi^lis was almost insensible to variations of the conditions. 
In the soil, excess of light (sunlight) proved to be depressant. Some 
salts, f.g, potassium nitrate, sodium nitrate, ammonium nitrate, etc., 
proved to be stimulating in solution culture, while salts of lead were 
de])ressant. As a general statement these salts, found to be stimulating 
in solution culture, proved to be more depressant in soil than those found 
depressant in the solution. Ijcad salts in the soil produced broader, 
deeper coloured leafage than the controls. Nitrites had a striking 
physical effect in preventing the drying up of the soil. 
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THE TRANSMISSION OF “MOSAIC” DISEASE IN 
HOPS BY MEANS OF GRAFTING 

By T. C. THRUPP, B.So., A.R.C.Sc. 

(With Plate XI.) 

Introductory. 

The characteristic symptoms of the “mosaic” disease of hops are, 
mottled green and yellow areas in the leaves (called “mosaic” mottling), 
the curling in of the e<lges (recurved), and a noticeable brittleness of the 
leaves and petioles and of the tips of the bines. The yellow areas are 
translucent and are cl(‘arly visible when a white paper sheet is placed 
a few inches behind the leaves, or when these are viewed against the 
sky. The earliest symptoms of an attack are “mosaic” mottling and 
abnormal shape of the newer leaves of some of the laterals, while the 
bines themselves may have grown to their full length, jiroduced hops, 
and have ajiparently quite normal leaves. In the following season, in 
addition to all the characteristic symptoms of the disease, the bines fail 
to grow to their normal length, fall away from the strings or the poles, 
die back at their tips, and produce few or no hoj)s. In the final stage of 
the disease, in the same or the following season, the whole plant dies. 
Occasionally one hoj) “hill,” originally planted with one hop “set^,” 
produces both “mosiac” and healthy bines. “Mosaic" disease occurs in 
many hoj) gardens in this country and frequently causes serious losses; 
it necessitates prompt grubbing of infected “hills” to prevent its rapid 
spread. An account of the disease from the economic point of view has 
been given by Prof. E. S. Salmon (2). 

As no evidence has been produced to show that any visible organism 
is associated with the disease, it has been generally assumed that the 
cause must be a “virus.” Miss Lacey (i) has shown that protozoa are 
not present in the phloem of affected hops. Preliminary experiments 
were carried out at the South-Eastern Agricultural College, Wye, in 
which the expressed sap of diseased hops was injected into healthy hops (5) 

^ In oominercial practice more than one “set” or cutting is freiiuently planted to 
the “hiU.” 
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but no positive results were obtained. In the case of certain ‘‘virus’’ 
diseases of plants, grafting has been found a necessary means of investi- 
gation; this method was practised in 1925 by Salmon and Ware (5), with 
the primary object of determining whether a tender and succulent plant 
such as the hop would submit to such treatment. It was shown that 
grafting as a process was feasible, but no work with “mosaic” affected 
material was carried out. From April 1926 and onwards to July grafting 
was used in the investigations described in the present paper, both for 
determining whether the disease could be transmitted by grafting, and 
in order to investigate a further and subsidiary problem which had 
arisen as far back as 1922. In that year, reports had been received from 
hop growers (see (4), p. 12) that a new variety of hop — “M 45” — bred 
at Wye by Prof. Salmon, which had never shown symptoms of “mosaic” 
disease, appeared to be infecting neighbouring hops of commercial 
varieties and might, therefore, prove to be a “carrier.” 

Experimental. 

Material was available at Wye, both in the experimental hop garden 
and in a stock of specially collected plants grown in pots in a greenhouse, 
and in the hop gardens at the East Mailing Research Station. During 
a part of March and in April a number of trial grafts were made in the 
hoj) garden at Wye, in order to gain experience in the process of grafting. 
In this trial grafting and in the experiments themselves, the stock bine 
was cut across with a clean safety razor blade, and a V-notch cut in 
that part of it left on the plant. The selected tip was placed on a clean 
glass slip and cut to fit the notch. The wedge-shaped end of the tip was 
then inserted in the V-notch and bound in place with a thin rubber 
strip, the last turn being fastened with rubber solution. In some of the 
practice grafts, female scions were grafted on to male stocks; in one 
case a male scion was grafted on to a female stock; in several cases 
double grafts were made by grafting one female scion on to a short 
piece of bine from another female plant, while this again was grafted 
on to a male stock. In most cases, and also throughout the experiments, 
the graft was made about 5 cm. above the soil and the scions were about 
15 cm. long. Being grafted early in the season the scions of trial grafts 
grew to the top of the wire work (about 1 4 ft. from the ground) and in 
due course produced a normal crop of hops. The male scion also grew 
well and flowered. In one case a lateral from the middle section of a 
double graft grew to the top of the wire work and also produced a good 
crop of hops. This preliminary work showed that grafted healthy hops 



T. C. Thrupp 177 

will grow as well as normal ungrafted bines, provided the grafting is 
carried out sufficiently early in the season. 

When using healthy material 87-5 per cent, of grafts succeeded, 
with diseased stocks the percentage successful was only 14-3. The 
grafting experiments, which began at the end of May, are classified 
below according to the problems in view. 

Upward passage of the supposed virus from ^^mosaw^ slock. Ninety- 
four healthy susceptible tips were grafted on to “mosaic” stocks. Of 
these grafts 10 “took” and grew. The scions were as follows: (a) com- 
mercial varieties of hops known to be susceptible to the disease, viz. 
Tutsham (7), Coopers White (2), Eastwell Golding (1), Farnham 
Whitebine (1), Cobb's Golding (1); (b) male hops (2); (c) the seedling 
variety M 45 (2). All the scions of the commercial varieties (with the 
exception of the Farnham Whitebine^) developed “mosaic” symptoms. 
In view of its known history, it was not exj)ected that the two scions of 
M 45 would develo]) the “mosaic” symptoms. It was, however, sur- 
prising to find that one of these throve to such an extent that it grew 
to a height of about 4*5 metres and remained free from all symptoms 
of the disease, while the remaining bines of the “mosaic” stock were 
nearly all dead from the severity of the attack. The two male hop scions 
grew and showed no “mosaic'’ symptoms, but in these cases the stock 
was not as badly attacked by the disease. One of these male hops was 
a plant growing at the Research Station, East Mailing (hill 12 in the 
row of the Tutsham variety); the other was a “wild” hop (Ref. No. A). 
It is possible that these male hops may be immune; Prof, Salmon has 
reported (:i) the existence of male hops immune to the “mosaic” disease. 

A typical case of a susceptible scion on a “mosaic” stock may be 
given here. A Tutsham scion was grafted on to a “mosaic” stock on 
June 20th. All the shoots of the stock were affected with true “mosaic” 
disease. The grafted bine grew to about one metre in length without 
exhibiting any noticeable symptoms of the disease, but on August 3rd 
some of the primary leaves showed “mosaic” mottling. On August 16th 


* The Farnham WhiU*l)iiio scion lost its jjrowing point by accident, and the lateral 
which took its place grew very slowly. In consequence tlie bine was only about 0*75 metre 
hmg by Septoniber llth. Among the grafts made out of doors, it was found that the 
checks in growth were correlated with less intense “mosaic” symptoms when these did 
develop. Further, it was noticed in several cases that if the symptoms did not appear 
until September they were less definite than usually observed. In the case of this Farnham 
Whitebine scion, the stock had both “mosaic” and healthy bines at the time of grafting, 
and the healthy bines remained free from “mosaic” symptoms to the end of the season. 
In view of the above facts, the negative result obtained must not be unduly stressed. 
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the mottling was much more pronounced and most of the leaves curled 
downwards. By the end of August all primary leaves showed the 
characteristic symptoms of the disease, and the bine was indistinguish- 
able in appearance from the ‘‘mosaic” bines of the stock. The grafted 
bine had grown to a length of 1*25 metres by the end of the season. 
The scion was obtained from a healthy plant growing in a pot, the 
remaining shoots of which were free from the disease throughout the 
season. 

V])ward passage of the supposed mrus from ^'carrier'' stock. Forty-four 
grafts were made, using the variety M 45 as stock. Of the 26 grafts 
which “took," the scions were of the following varieties: Tutsham (7), 
Eastwell Golding (5), wild hop “C” (3), Farnham Whitebine (2), wild 
hop “B” (5), wild hop “D" (1), wild hop ‘"E” (1), and 2 male hops. 
The first 17 cases developed “mosaic” symptoms, while the other 
9 cases did not do so. it was noticeable that grafts made in the green- 
house on “carrier” stock did not develop the curling of the leaf edges in 
the same manner ; generally speaking the curling in was on the upper 
surface, but not in so marked a manner as the curling in on the lower 
surface observed with the outdoor grafts. The “mosaic" mottling was 
quite distinct. The highest temperature recorded in the greenhouse 
was 33° C. 

The details of a typical case when using a susceptible scion may be 
given. A Tutsham tip was grafted on to an M 15 stock in the hop garden 
at Wye on April 19th. This scion grew and appeared normal and healthy 
until June 19th, when the primary leaves were seen to have “mosaic” 
mottling and their edges to be slightly curled downwards; the bine 
(graft) was then about 1 metre long. On August 20th it had grown to 
1*79 metres, the primary leaves were much more mottled and the 
curling was more pronounced. Subsequently the leaves of the laterals 
grew out and all developed “mosaic" mottling with a certain amount 
of curling, those at the tips having abnormal outlines. This bine is 
lettered C in the photograph reproduced in the Plate. 

Controls, As regards controls, all the parent hop plants, with one 
exception^, from which tips had been taken to graft on to “mosaic” and 
“carrier” stock, remained free from all symptoms of the disease through- 
out the season. As additional controls 24 single grafts of healthy sus- 
ceptible scions were made on healthy susceptible stocks, and 7 double 
grafts were made from similar material. Of the single grafts 21 “took,” 

^ The experiment in which this control plant was need was discarded and is not included 
in the number 91, given in Table I. 
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the hops used being: Tutsham (9), Eastwell Golding (3), wild hop “ B ” (2), 
wUd hop “C” (3), wild hop “D” (1), and wild hop “E” (3); in each 
case the stock used was of the same variety as the scion; all grew well 
and the majority produced hops. All remained free from all “mosaic” 
symptoms. Of the 7 double grafts, which were made in the manner 
already described for the practice grafting (htd with all the component 
parts of the same variety), G were successful: Tutsham (2), wild hop 
“B” (2), wild hop “(T’ (I), and Eastwell Golding (1); all grew fairly 
well and none showed “mosaic'’ symptoms at any time. Similarly 
5 “carrier” scions were grafted on to “carrier” stock, without inducing 
any “mosaic” symptoms to appear; two even reached a height of 14 ft. 
and produced a good crop of hoj)s. 

No special precautions were taken againsi insects during these 
experiments, because it was considered that grafting would give decided 
results in a very short tinn* and because adequate controls were provided 
by leaving as many bines as possible on the hill which served as stock, 
and by keeping under observation all parent plants from which any 
scions were taken. A summary of the grafting experiments is given in 
Table I. 


Table I. 

Smtimari/ of ''mosaic,'' healthy and "carrier^' grafting erperiments. 

Scions 


Stocks 

Totals 

Number of healthy 

Positive 

Taken Failed result 

Negative 

result 

“Mosaic” 

91* 

i:i 78 

10 

3t 

Healthy 

24 

21 3 

0 

21 

“Carrier” 

44 

26 18 

17 


“Mosaic” 

2 

Number of “ 

2 0 

carrier” 

0 


Healthy 

__ 

_ 

— 

— 

“Carrier” 

r> 

o 0 

0 

5 


* See footnote on p. 178. 

t Of these three scions wliich took, and from which negative results were obtained, 
two were from male hops which may perhaps be truly immune, and one was from the 
Farnham Whitedune which has already been discussed in detail (see p. 177). 

t The origin of these nine scions was as follows; wild hop “B” (5), wild hop “D*' (1), 
wild hop “E” (1), and the two male hops mentioned above at p. 178. The consistent 
negative results with respect to wild hop “B’' may perhaps be regarded as evidence of 
immunity and the same may i>os8ibly Ik‘ true also with rc8})ect to the others. 

§ It was not expected that M 45 scions grafted on to “mosaic” stocks would give 
positive results (see above, p. 177). 
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The writer desires to express his indebtedness to Prof. E. S. Salmon, 
F.L.S., and to Mr W. M. Ware, M.Sc., for the benefit of their frequent 
advice given during these experiments. 

• Thanks are also due to the Director of the East Mailing Research 
Station, and members of his Staff, for the use of material and for help 
given in the course of the work. 

The research was carried out with the aid of a grant from the Ministry 
of Agriculture and Fisheries. 

Summary. 

1 . In these experiments, where susceptible scions have been grafted 
on to “mosaic’’ stock, all developed “mosaic'' symptoms with one 
exception. Circumstances were not favourable in this particular case 
and it should be regarded as giving indecisive not negative evidence. 
From the other cases there is satisfactory })roof that the supposed 
“virus'’ can be transmitted up the growing bine. 

2. With the “carrier'* experiments, all the known susceptible 
scions, which were grafted on to the “carrier” (M 45) stock, exhibited 
“mosaic” symptoms. The variety M45 must, therefore, be regarded 
as capable of transmitting the disease to susceptible hops, and as being 
a “carrier.” 

3. There is no evidence that the process of grafting can of itself in 
any way induce “mosaic'* symptoms to appear in healthy susceptible 
hops, or in the “carrier” M 45. 
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EXPLANATION OF PLATE XI. 

Pour grafts made on “carrier” stock, photographed July 12th, 1926. 

A, Normal ungrafted M 46 bine, showing healthy foliage. 

B, Wild hop “B,” grafted April 23rd, 1926, showing healthy foliage. 

C, Tutsham, grafted April 19th, 1926, showing down>curled “mosaic” affected leaves. 

D, Tutsham, mf ted May 6th, 1926, showing welhroarkcd “mosaic” symptoms. 

B, Easiwell Goldmg, grafted May Uth, 1926, showing weaker growth and evident 
but less pronounced “mosaic” symptoms. 

0*175 nat. size. 

{Received December lOtA, 1926.) 
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IMMUNITY OF POTATO VARIETIES FROM ATTACK 
BY THE WART DISEASE FUNGUS, Hl\NCHYTRJUM 
ENDORIOTirVM (SCHILB.) PERO. 

Uy \V. A. ROACH. 

{Dp'par! menl of J tmcrl irKtrs anti Fv/if/iritfes, Roilunnhled Exyerimeolnl 
SlalioH^ Harfemlen,) 

(With IMutcs XII and XIII.) 

It is a common horticultural practice to graft the shoot system of one 
plant on the root system of another. Since the grafted plant thus pro- 
duced usually grows, it follows that the scion must be dependent on 
the stock for its mineral salts, and the stock on the scion for the sub- 
stances necessary for its growth, (’ertain chemical compounds therefore 
must pass freely between stock and scion across the graft fusion layer. 

These substances sometimes become changed after passing through 
this layer. Colin and RioIle(H), Colin (i, r>), and Colin and Franquet((>) 
proved that when the artichoke (UdimUhuH hiberosns) is grafted on the 
sunflower {H. the inulin, a carbohydrate which is characteristic 

of the artichoke, on passing into the sunflower, is rapidly hydrolysed 
and changed to saccharose. 

Other compounds have been proved to remain unchanged after 
having traversed the fusion layer. Belladonna plants contain atropine 
and normal tomato and potato plants do not, but from the work of 
Laurent (ir>, lO) and Javillier (ii) it is evident that when parts of Belladonna 
and tomato plants are grafted together, an alkaloid similar to, if not 
identical with, atropine is sometimes found in small quantities in the 
tomato tissues. Further, Javillier (ii) grafted together portions of Bella- 
donna and potato plants and found, both by chemical and physiological 
tests, that certain parts of the grafted potato tissue contained a substance 
apparently identical with atropine. Again, Grafe and Linsbauerc^), on 
grafting together pieces of Nieotiam tabacum and N. affinis, found that 
the amount of niec»tine in the JV. affinis part became increased from nil, 
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or practically nil (iV. affivds used in their experiments contained no 
demonstrable quantities of nicotine), to as much as 1-67 per cent, on 
dry weight. 

Brown (2) has sliown that the mineral comjiosition of the fruit of a 
given variety of apple varies according to the stock on which the variety 
is grafted. That grafting a scion on a stock may affect more than the 
mineral composition of that scion is suggested by the work of Barker 
and Grove (1), who found that the acidity, and probably the tannin 
content, of apple juice is affected by the type of stock on which the apjile 
is grafted. 

Without going further into the literature of the highly controversial 
subject of the effect of stock on scion and of scion on stock, it is sufficiently 
clear, firstly, that a stock may cause a change in the mineral composition 
as well as in other properties of the scion grafted on it, such as acidity, 
essential oil content (Daniel and Ripert(s)), and probably tannin content: 
and secondly, that a shoot syvstem may cause changes in the chemical 
composition of the stock on which it is grafted through the permeation 
of the tissues of the stock by substances built up in the scion. 

Grafting, therefore, offers a method for determining whether a given 
plant character, such, for example, as immunity, is innate in the cell, 
or whether it is conditioned by substances which can travel freely about 
the plant; if the character is of the second kind the contributions of the 
various tissue systems, roots, foliage, etc., may be determined. 

The present paper describes an attempt to investigate, by the 
method of grafting, the general nature of the immunity of certain 
varieties of potatoes from attack by the fungus causing Wart Disease, 
Synchytrium endobioiicam (Schilb.) Perc. 

For our present purpose the potato plant may be looked upon as 
being composed of three physiological units: 

(1) The root system, which supplies the plant with mineral salts 
and Water. 

(2) The shoot system, the photosynthetic unit. 

(3) The tuber, or storage unit. 

The problem resolves itself into building up, by grafting, composite 
plants of all possible types, and testing the tubers for any resulting 
effect in regard to immunity from, or susceptibility to, the disease. The 
following eight types are possible. 

Reference will be made to these types both by number and by 
“formula,” 
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Type Root Shoot 

1 I S 

2 S J 

3 S 1 

4 1 S 

3 S S 

ti 1 1 


Formula 



iiuinune. 


7 iS S 

S I I 

S -- HUHrfpt ibk*, 1 

Ex]*erimental Work. 


Grafts of types 1 (f /^)) - ^ ^ (l/^) 

with in an earlier paper, Koach(i7). In the experiments then reported it 
w^as found that shoots of susceptible and immune varieties respectively 
used as scions did not change the immunity or susceptibility of the tubers 
produced on tin* stocks. 

In the experinumts in question the effect of the grafted-on foliage 
was tested during t,h(‘ following season by growing the tubers produced 
by the grafted plant in contaminated soil. It might be objected that by 
this method any immunity-conferring or susceptibility-bestowing sub- 
stance stored in the tuber would be “diluted*' when the tuber gave rise 
to a new' potato plant, and that the concentration of the substance 
might thus be insufficient to produce its normal effect. To meet this 
objection a f(*w grafted plants were growm in contaminated soil, and the 
effect on the developing tuber was watched, instead of that on the plant 
arising from this tuber in the following season, as in the previous 
experiments. Again, however, no effect on the grafted-on foliage on the 
immunity or susceptibility of the tuber was detected. Confirmation of 
these results comes from the work of Kr)hler(i4), w'ho grew his grafted 
plants in contaminated soil, and sought the effect of grafting in the 
tubers as they developed on the actual grafted plant. 

Grafts of h/pcs 3 ) and 4 (j/s). To build up plants of these 

types in order to test the effect of a “foreign*' root system on the 
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behaviour of the resulting tuber towards wart disease, grafts of the same 
kinds as those used for types J and 2 were first made. The soil in which 
the grafted plant was growing was washed away until the whole of the 
stalk was uncovered and exposed to light. A shallow trough was then 
built up around the stalk just above the level of the graft union and 
filled to a depth of .*1 or 4 in. with dry sand. In this way the formation 
of tubers above the graft was induced, but root formation was prevented. 

In experiment No. ^19 Majestic (1)^ was grafted as scion on Arran 
Chief (S)^. Tl’hree full-sized tubers were produced above the graft. All 
attempts to alter the behaviour towards wart disease of either the 
tubers or the leaves of the plants above tlie graft union failed. One of 
the tubers was tested by Glyiine/s method of infection by summer 
sporangia (lO) and found to be immime. 

The produce of four other grafted ])lants of these types was 
unfortunately lost through disease of various kinds during the 1924 
season. In view of the successful building up of grafts of types 

5(g/l) and the results obtained from them, tlie 

repetition of the grafts of tyjies 3 and 4 was j)ostponed. 

Grafts of type (> j . The {)roblem to be solved by grafts of type fi 
was whether an immune plant is able to bestow immunity on a suscef)- 
tible tuber grafted on it and “fed*' by it. In each (Experiment a cleft 
graft was made uniting the stolon of the grafted -oji susceptible tuber to 
a conveniently sized stolon of the immune plant. It was found advan- 
tageous witli all stolon grafts to inhibit normal tul)er formation of the 
foster-plant somewhat by uncovering the portion of the stem below soil 
level and exj)osing it to liglit, leaving only tlie grafted stolon covered. 
In this way the development of new stolons was avoided. It was found 
that unless this precaution was taken, storage took |)lace in existing 
tubers or in those arising on newly formed stolons, so that the grafted-on 
stolon, though remaining apparently quite healthy, did not increasii in 
size. Normal produce from the foster plant could of course be obtained 
after the grafted-on portion had grown sufficiently, by merely covering 
a part of the stalk again. Covering the stalk at this late stage when the 
graft-union was complete did not prevent further increase in size of 
the grafted-on portion. 

In experiment No. 613 (1) use was made of a very heavily warted 
piece of Arran Chief (S) tissue. An underground stem of this plant, 
which had turned upwards, had evidently become infected just as it 


^ 1 = immune. 


“ S~ susceptible. 



W. A. Roach 


185 


emerged from the soil and when its leaves were just beginning to expand. 
The whole leafy structure was heavily infected. It was grafted by 
means of its stem on a K. of K. (I) stolon. 

The final condition of this graft is illustrated in Plate XII, fig. 1. 
The warted tissue can be seen in the bottom left-hand corner of the figurci 
near the sixpence, which gives some idea of the size of the wart. Th(i 
position of the graft-union is indicated by the binding threads just abov<‘. 
the wart. Periodic examination with a lens showed that the actual 
number of sporangia was dcnibled during the period of the exjieriinent ; 
lienee there was no suggestion of an inhibition of the disease as a result 
of the warted tissues b(‘ing “fed*' on food material derived from the 
immune plant. The healthy appearance of the union, the turgidity and 
the increase in size of tJie grafted-on jiart left no doubt that organic 
union had actually taktui place: pieces of warted material similar to 
that used as the scion, but not gralted, became flaccid in less than 
a day. 

In exp(‘rimeiit Ko. (ilb an Arran Chief tulier (S) (diameter about 
1 cm.), liaving on it a w'art about 1 rnm. in diameter, was grafteil by 
means of its stolon on a stolon of a K. of K. (1) plant. After about a 
wee.k the w’art commenced to grow, though the tulier tlid not increase 
appreciably in size. Successive stages in the development of the w^art 
are sluiwn in Plate XIII, figs. .") and (iC Here again there was no evidence 
of the immune plant having any inliibiting effect on the devolojunent 
of the W'art. Examination of the junction showed tliat organic union 
liad taken place, for the tw'o vascular systems were joined. 

In experiment No. rd:! (*J) the immune ydant, again K. of K., w«is 
given ail ajijiarently still better opjiortunity to affect the grafted-on 
W’art, for the latter was of microscoyuc size, and as far as could be seen 
from an examination with a binocular microscope, consisted of one 
summer sorus only. The graft was made on .August 11th, P.)23b The 
])lu)tograpli from wliich Plate XII, fig. J W'as reproduced w’as taken on 
August Kith. Plate XII, fig. 2, is an enlarged view taken on August 17th. 
Plate XII, tigs. 3 and 4, show' the condition of tlie w art on September 4th 
and loth respectively. By suitable arrangement of the camera, etc., 
it was possible to take the last three photographs so that the magni- 
fication was the same each time. The diameter of the tuber remained 
at 0-5 cm.: but, as can be seen from the figures, the w'art increased very 
greatly in size. 

‘ Unfortunately no photograph was taken of these tubers at tlu' time when the graft 
was made. 
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The behaviour in the above three grafting experiments show that 
at least so far as the two varieties, Arran Chief (S) and K. of K. (1) are 
concerned, the immune host plant was unable to inhibit the growth of 
the wart on the grafted-on tissue, even though that tissue was entirely 
dependent on the immune plant for all the materials used by it in its 
growth. There is still the possibility that if the susceptible tissue had 
been grafted on the immune plant before the wart disease fungus had 
become established, then the immune plant by means of the products 
supplied by it to the grafted-on tissue, might have made infection by 
the parasite impossible. In experiment No. 528 a piece of stolon about 
8 cm. long, free from wart disease, raised in uncontauiinated soil, and 
not having yet begun to swell into a tuber, w'as cut from a Garland (S) 
plant (white-tubered), and grafted on near the end of a stolon— at that 
time devoid of tubers — of an Arran Victory (1) plant (purple-tubered). 
The graft was made on June 3rd, 1923. On .fiily 1 0th the top soil was 
carefully washed away, when the grafted-on stolon was found to have 
increased greatly in length and bore three wliit(‘ tubers of small “seed” 
size, whilst the foster stolon now bore three purple ones. The clean soil 
which had been washed away was now rej)lac(*.d by heavily infected 
material, and in addition, on July 23rd, three w'art»s wen' placed above 
the largest white tuber. The whole was kept moist. On August 28th the 
largest white tuber had two small w'arts on it. The foster stolon, together 
with the stolon grafted on it, was cut off close to the stalk, the tubers 
freed from soil and the whole placed in a gla.ss dish and kept for about 
a fortnight covered with a piece of damp felt to encourage wart formation. 
At the end of this time each white tuber had at least one small wart on 
it, but the purple ones (Arran A'ictory) were (jiiite free from infection. 
At this point the tubers were preserved in formaldehyde, as the stolon 
was beginning to rot. A photograph of the s])ecimen is reproduced in 
Plate XIII, fig. 7. 

During the 1925 season four more grafts of this type were made. 
In each experiment of this type and of type 5, to be described shortly, 
the plants were grown in soil free from wart disease until tubers at least 
as large as hen’s eggs had been produced on the grafted-on part, then 
all the tubers, whether arising directly on the foster plant or on the 
grafted-on part, were surrounded by heavily contaminated material and 
treated in such a way as to promote wart formation as far as possible. 
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No. 90 J. A King Edward {S) stolon grafted on an 
Abundance (/) plant. 

The grafted-on stolon produced one tuber weighing approximately 
100 gm. Of the 7 eyes I was warted. 


No. 905. A King Edward (/S) stolon grafted on a (heat Scot (!) plant. 
The grafted-on stolon produced: 


Tubrr 

WoijTffit (gm.) 

Eyos warUMi 

I 

88 

7 

2 

S3 

(i 


47 

2 

I'otals 

21S 

15 


Four (ireat Scot tubers produced on tho immune foster plant were 
fre(‘ from wart. 


No. 913. Vp-io-Vate (N) stolons grafted on a Kerrs Pink (I) plant. 

Stolon / 


Tiibor 

Weight (gm.) 

Kyc's \vart<*(l 

clean 

1 

125 

0 

7 

2 

112 

U 

14 

Totalh 

237 

U 

21 


Stolon // 


Tuber 

Weight (gm.) 

Kye^ warted 

Eyea clean 

3 

53 

U 

10 

4 

13 

U 

0 

TotaJa 

m 

0 

1(> 


One of the "scion” tubers and one of those produced by the foster 
])lant were tested by the method of infection, by summer sporangia, to 
which reference has already been made(io). The Kerr's Pink tuber 
remained clean, but the scion tuber became thoroughly infected, showing 
that the lack of infection on the growing plant was most probably due 
to the conditions under which the plant was grown not being sufficiently 
suitable for the production of warts, and not to any effect of the foster 
plant on the grafted tuber. 

The following grafts of type 5 1 ^ were made during the 1925 

season. 
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No. 912 . An Abimlann; (/) stolon grafted on a King Edward (S) plant. 


Produce of grafted-on slolon 
Tul>cr Weight (gm.) Kyes wariorl 

1 36 0 

2 20 0 

3 S 0 

Totals 64 0 


Eyes eleau 
6 
4 
2 
12 


Two of these tubers were tested by Glynne's method of infection by 
summer sporangia (lo) and found immune. 


Prndut^c of host pi nut 

Tuber Woighi (gm.) Kyos warted 

1 52 3 

2 43 2 

3 23 0 

4 20 0 

5 10 0 

Totals 14S 5 


Kyos clean 
5 
7 
S 
ti 
7 
3;; 


No. 914. A Kerr s Pittk (/) .s7o/m/ fpofted oh an Up-lo-Date (S) plant. 

The grafted-on stolon produced one tuber weighing »‘Jbgm.,all 7 eyes 
of which were clean, though a tuber borne by a stolon arising on the 
foster plant, and placed immediately below the other had .*1 large eyes 
infected. 

(Conclusions. 

It may be concIud(Ml from the above results, showing as they do that 
the reaction of any piece of tissue towards wart disease is entirely 
independent of the influence of any foreign tissue grafted upon it, that 
the cause of immunity from, or susceptibility to, wart disease is innate 
in the cell and is unable to move thence excejit by cell division. Further 
it is not influenced by substances which are able to pass unchanged 
across a graft fusion layer and permeate the tissues of the other component 
of the composite grafted plant. 

It is thus evident that susceptibility to wart disease is different in 
nature from susceptibility to crown gaU, for Wormald and Grubb (19) 
have shown that a scion, susceptible to crown gall, may bestow sus- 
ceptibility on a resistant stock on which it is grafted. 

More definite deductions cannot be drawn until our knowledge of 
the physiological, and particularly the chemical, effects of stock on 
scion and scion on stock is increased. By considering the above facts, 
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however, in relation to those which are known concerning the effects 
of stock on scion and vice versa, guidance may be obtained in choosing 
which lines of attack on the problem are to be avoided as being unlikely 
to be fruitful, and which arc most likely to yield useful results. 

The idea expressed by KbhlerdS) that immunity from wart disease 
is caused by a compound built up in the leaves and transported thence 
to all parts of the plant, for instance, is almost certainly wrong. 

The fact that at least two alkaloids (and also, according to Daniel, 
solanme(7)) are know^i to pass across a graft fusion layer, renders un- 
likely the idea, which has been put forward that solanine is the 
cause of immunity from w'art disease; it secuns likely also that the 
cause of immunity is not explicable in terms of any other compound 
similar to alkaloids. The same may he said in regard to essential oils 
and probably tanins (cf. p. 182). 

It has already been stated (p. 182) that Barker and Grove have vshown 
that the acidity of apple juice varies according to the stock on which 
the aj)ple is grafted. It is unlikely therefore that acidity plays any part 
in rendering varieties immune h conclusion already reached by Weiss 
and Harvey (IS) as a result of hydrion determinations on potato juice, 
and by Kohler (IJ) as a residt of allowing potato tissue to absorb an 
innocuous indicator and thereby determining hydrion concentration of 
the cell contents. 

We have seen that grafting a small piece of stolon on a plant of 
opposite reaction towards wart disease caused no change in the reaction 
of this stolon. In experiments Nos. 528, 901, OOe"), 913, 912 and 914 
the stolon, in swelling into one or more tubers, increased in volume 
at least a hundredfold. This increase in volume may be looked upon as 
the final result of a series of synthetic processes following on absorption 
of inorganic salts by the roots, and of carbon dioxide by the leaves, 
resulting finally in the building up of the more fundamental constituents 
of the cells. Hence it is only in this last stage that the building up of 
immune tissue differs from that of susceptible tissue. In seeking the 
cause of immunity therefore we must, in all probability, look to one or 
other of those chemical compounds which constitute the more permanent 
structures" of the cell. Since the compound carrying the cause of 
immunity does not appear ever to leave the cell, and its increase is 
inseparably connected with cell division, it seems likely to be closely 
associated with those compounds which are the seats of specificity in 
general; in other words, immunity from wart disease is a property of 
protoplasm. 

Ann. Biol, xiv 


13 
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About the chemistry of protoplasm little is known, biit proteins are 
invariably constituents of it. The extraordinary specificity of these 
compounds, as revealed by immuno-chemical, and purely chemical, 
methods, does not seem to be shared by any other class of compound. 
What is already known of their chemical structures in no way precludes 
the possibility of their being the seats of specificity in general. A detailed 
investigation of the proteins of immune and susceptible varieties of 
potatoes by immuno-chemical methods seems, therefore, to be the next 
step in the present problem. 


Summary. 

It is known that grafting together portions of two different plants is 
sometimes followed by changes in their chemical contents owing to 
permeation of each by substances formed in the other. 

The present investigation is an attempt to determine by grafting 
together pieces of immune and susceptible plants whether the cause of 
immunity from wart disease of jiotatoes is carried by chemical com- 
pounds which can traverse unchanged a graft fusion layer or by those 
which are unable so to do. 

For this purpose all the eight jiossible types of plants hav<* been 
built up by grafting together root, shoot and tuber systems from (*ither 
immune or susceptible plants. 

In none of the experiments was the reaction of the tubers towards 
wart disease seen to be changed. 

The deduction is therefore drawn that the cause of the immunity 
is not carried by any compound which is able to traverse the plant. 

In this way the problem is considerably narrowed down, for it is 
now possible to eliminate many lines of attack as unlikely to be fruitful. 

The suggestion is put forward that the examination of the proteins 
from immune and susceptible varieties by immuno-chemical methods is 
the nlost hopeful future line of attack. ^ 
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EXPLANATION OF PLATES XII AND XIII. 

PLATE Xll. 

Fig. 1. Exp. No. (U3(l) (bottom left-hand comer, near sixpence). Heavily warted 
tissue grafted on the 8U>Ioii of an immune plant. When the graft was made the **wart’' 
was half its final size. The number of wart disease sori doubled after the graft was made 
(see text, p. 184). 

Exp. No. 613 (2) (right centre), photograph taken August 10th. 

Fig. 2. Exp. No. 013 (2), photograph taken August 17th. 

Fig. 3. Exp. No. 613 (2), photograph taken September 4th. 

Fig. 4. Exp. No. 613 (2), photograph taken September 10th. 

(Figs. 2, 3 and 4 taken to same scale.) 

In Exp. No. 613 (2) a small tuber 0-5 cm. diameter, having on it one single summer 
Borus, was grafted on the stolon of an immune plant. No photograph was taken when the 
graft was made. Figs. 2, 3 and 4 show successive stages in the growth of the “ wart,” though 
“fed” by an immune plant, which therefore was unable to inhibit the growth of the wart 
through the organic food 8up])ly (see text, p. 185). 

PLATE XI 11. 

Figs. 5 and 6. Two stages (taken to same scale) of Exp. No. 610, showing growth of 
wart on a small potato) after being grafted on a stolon of an immune plant. No photograph 
taken when graft was made (see text, p. 185). 

Fig. 7. Exp. 528. Graft union at cut from stalk of plant at li. 

A piece of white stolon (below ^4) cut from a susceptible iilant was grafted at *1 on 
the purple stolon (above A) of an immune plant. The tubers were ])roduced in soil free 
from wart disease. Finally when the tubers had arrived at practically their final size they 
were surrounded with contaminated material. All three tubers on the grafted-on stolon 
became infected (warts may be seen at O and D), whereas the ones on the foster stolon 
remained quite free from wart dist*ase (see text, p. 180). 


(Received November 1926 .) 
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AN OAK LEAF DISEASE CAUSED BY 8CLER0TINIA 
CANDOLLEANA (LEV.) FUCKEL. 

By MALCOLM WILSON, D.Sc., F.R.S.E., F.L.S. 

(Reader in Mycology^ University of Edinburgh) 

AND J. S. L. WALDIE, B.Sc., C.D.A. 

(Assistant in Mycology.) 

(With Plate XIV.) 

During the last two years the authors have had under observation a disease 
which has caused extensive damage on the oak in various parts of 
Britain, especially in the north. The disease leads to the formation of 
conspicuous brown blotches on the leaves; in some localities almost 
the whole of the foliage is discoloured and, in consequence, the impression 
is given that the tree has been killed. The first specimens were obtained 
from Perthshire and Aberdeenshire in the summer of 1925 and sub- 
sequently in the same year several inquiries regarding the disease were 
received from widely separated areas in Scotland. In 1926 the disease 
reached epidemic intensity over the whole of Scotland south of Inverness, 
and was observed in the greater part of England and also in Wales. 
Both Quercus pedunculate and Q. sessilijiora are attacked, and the disease 
has also been found on nursery plants of Q. rubra. It has been recorded 
by several authors on Castanea saliva as well as on Quercus Robur. 

The disease is caused by Sclerofinia CandoUeana (Lev.) Fuckel. 
This species has been known in Britain since 1878 (i) but has been usually 
regarded as a saprophyte. Massee in 1910 suggested that living leaves 
might be infected but it appears that no infection experiments have been 
previously carried out. 

On examination only yellowish hyphae can bo seen in the discoloured 
tissue, during the summer, but after the leaves have fallen, small black 
sclerotia soon appear and, in consequence, this stage of the fungus was 
previously known as Sderoiium Pustula D.C. and S. qnercinum Pers. 

In the past the fungus has been placed in various genera and the 
following names are synonymous: Peziza De Candolleana L6v., Phialea 
Ca^ndolleana Quel., Hymenocypha Candolleana Phill. 
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An Oak Leaf Disease 


Short accounts of the disease have been previously published in the 
Tramactions of the Royal Scottish ArboricaUvral Society {^) and in the 
Gardimr^s Chronicle (i)). 

The yellow spots on the oak leaves have been first observt'd towards 
the end of June. In the early stages they are small and roughly circular 
(Fig. 1) but gradually increase in size until almost the whole of the leaf 
may become discoloured. The infected tissue towards the centre of the 
spot is light brown, and this is surrounded by a darker brown zone. 
As the season advances the tissue within this dark zone often falls away, 
leaving a hole in the leaf (Fig. 2). The mycelium in the infected tissue 
is made up of light yellowish hyphae which ramify in all directions 
through the cells of the leaf. Secondary fungi are often found on the 
dead areas, and a species of Cladospori am frequently h)rms a dark dot 
in the centre of the discoloured tissue. The presence of this fungus was 
referred to in a previous note(n), Avhere it was suggested that this might 
possibly represent a conidial stage in the life history of Scleroiinia 
CaTidolleana. The incorrectness of this suggestion has since been demon- 
strated by culture and infection experiments. 

Sclerotia have not been observed on the leaves while still on the tree, 
but these soon develop on the fallen leaves (Fig. 2), especially under 
damp conditions, and they may be also readily obtained by keeping 
diseased leaves in a moist atmos|)here in the laboratory. The sclerotia 
begin to develop in the leaf tissue and, as they increase in size, burst 
through the epidermis so that, when mature, they lie freely exposed. 
A sclerotium usually extends through the thickness of the leaf, but 
generally develops more strongly towards either the upper or the lower 
surface. The greater development nearly always takes place towards 
that side which happens to be uppermost when the leaf is lying on the 
ground. This ensiu*es that when germination of the sclerotium takes 
place the fructification is produced freely on the exposed and illuminated 
surface (Fig. 3). The sclerotia are ])ulvinate, black, about 0*1 cm. in 
diameter. 

Sclerotia were produced freely in October from a fortnight to three 
weeks after the leaves were brought into the laboratory. After their 
formation the leaves with the attached sclerotia were removed from the 
laboratory and kept outside fully exposed to the weather and, during 
the winter, were frozen several times. Attempts were made to germinate 
these sclerotia at various times throughout the winter and spring, but 
these resulted in failure until the end of May. Germination then took 
place rapidly, the mature apothecia were produced in about a week 



M. Wilson and J. 8. L. Waldie 


195 


(Fig. 3 ). Only one apothecium grew out from each sclerotium (Fig. 4). 
Ma88ee(3) describes the development of 3~4 ascophores from the sclero- 
tium but this was never observed. The stalk of the apothecium is slender, 
yellow in colour, paler towards the base and varies considerably in 
Jengtli, depending on the amount of illumination and the depth of the 
debris under which the s(derotium is buried. The stalk attains such a 
length that the apothecium is borne well above the substratum. Diffuse 
light tends to lengthen the stalk and, when grown under lateral illumi- 
nation, the growth is always towards the strongest light. The stalks 
shown in Fig. 3 were up to 4 cm. in length, but these were developed in 
weak light, while others in full illumination only reached OdJ-1-2 cm. 

The apothecia are at first closed but soon open and become flat when 
mature and are then about 0*4 cm. in diameter. They are reddish to 
yellowdsh brown in colour and are usually rather darker on the upper 
surface. The structure of the hyrnenium is quite typical of Sderotinift 
(Fig. o). The ascospores are elliptical 7 9 x 3 i fi, and the paraphyses 
are slender and slightly thickened towards the aj)ex (Fig. 0). 

An account of the germination of the sclerotia has been given by 
Uostru])(i. 2). He found that in Denmark germination took })lace in 
February and March in the laboratory, but in the forest was delayed 
until dune. 

In order to test the parasitism of the fungus, mature apothecia still 
attached to sclerotia were placed so that the ascospores were naturally 
shot out upon leaves borne on young plants of Queicm pedunruJata. 
As a result brown areas apj>eared on the leaf in 10- 14 days and these 
on examination were found to contain the hyphae of the fungus. 

Cultures on artificial media have been made in the autumn from 
portions of the diseased leaf, and in the spring from the ascospores. 
The results in each case are quite similar. A white rather fluffy mycelium 
is produced : no conidia are formed but sclerotia develop within about 
a month. These sclerotia are often larger than those found on the leaf 
and are irregular in form. In plate cultures the sclerotia are not j>roduced 
in any definite position, but are usually formed at the edge of the 
medium. 

The disease is confined to the leaf and does not spread to the shoots 
and, in consequence, after the leaves have fallen, the trees are no longer 
infected. This being the case the collection and burning of the fallen 
leaves, if thoroughly carried out, should entirely remove the source of 
infection and hence prevent the disease in the following year. 

It appears that wherever the fungus is present the majority of the 
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leaves become infected and in consequence the disease is very obvious 
and unsightly. As, however, only leaves are infected, it is improbable 
that trees will be killed unless the defoliation is very marked and 
continues over a number of seasons. 

Two cases of slight infection in forest nurseries have been observed, 
on Qtiercus peduncnlata and Q. rubra respectively. These were both in 
the vicinity of mature trees which were bearing infected leaves. From 
a consideration of the life history of the fungus it is obvious that severe 
infection can only take place within a limited distance of infective 
material, and it is improbable that the disease will prove to be serious 
in nurseries, unless these are in proximity to mature trees. 

As already pointed out, Sderotinia Candolleana has been recorded fairly 
frequently in the past, both in England and Scotland, but it doc?s not 
appear to have occurred in great abundance. We are unable to account 
for its appearance as an epidemic during the last two years. It is very 
improbable that there has been any change in the distribution of either 
the fungus or its host plant, and we can only suggest that some climatic 
condition has favoured its rapid increase. 
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EXPLANATION OF PLATE XIV. 

All figures refer to Sderotinia Candolleana {lAv.) Fuckel. on Quercus pedunculaia. 

Fig. 1. Leaf showing brown spots in early stage of the disease. 

Fig. 2. Leaf bearing solerotia. 

Fig. 3. Ijeaf showing sclerotia bearing apothecia. x about 2. 

Fig. 4. A single sclerotium bearing an apothediim. x about ,3. 

Fig. 5. Longitudinal section through apothocium. x about 70. 

Fig. 6. Part of longitudinal section through apothocium, showing asci and paraphyses. 
X about 200. 


(Recdved Novetnber 2T}th, 1926.) 





197 


THE STRAWBERRY DISEASE IN LANARKSHIRE 

By 0. W. WARDLAW, Ph.D. 

(Bofayuf Dv'pnrfment^ Vnirmiljf of Glangow.) 

During the spring of this year the author’s attention was directed to 
the strawberry disease in Lanarkshire. Field observations were made 
throughout the season and a considerable amount of experimental work 
has also been carried out. The results are summarised in the following 
preliminary report. 

At the outset the author wishes to point out that the “Lanarkshire 
Strawberry Disease ” is not necessarily the same as the disease in England. 
“John Ruskin,” a variety cultivated over a large acreage, has been 
most affected. 

In the field two aspects of the disease are apparent, namely, the 
devastation en masse of square yards of strawberry beds, and the 
obvious diseased condition of individual plants. In estimating the 
probable cause of the disease it is important that both of these aspects 
should be borne in mind, since it is clear that the organism or organisms 
causing the disease not only are capable of quickly destroying individual 
plants but also are capable of spreading rapidly through the strawberry 
beds. 

It is not intended here to enter into full details concerning the 
symptoms of the disease, but a short reference to the soil, the strawberry 
plants, and possible parasites will make the general finding clear. The 
soil in the infected fields is for the most ])art heavy and close, sometimes 
almost a clay, and seldom sufficiently free for healthy root development. 
It is acid, though not to an excessive degree. Further it lacks humus 
and has not the proper coherence and openness. Where the disease is 
worst the drainage is bad; the soil is waterlogged in wet weather and 
practically hard-pan in dry. As a whole the soil cannot be regarded as 
being in a first-rate condition. 

Such soil conditions necessarily tell against the vigorous healthy 
growth of the strawberry plants. For the most part in the areas where 
the disease is prevalent, it camiot be said that they are growing under 
the most favourable conditions. When lifted the roots of many of the 
plants, though not actually diseased, are in a weak and lax condition, 
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consequent on the excessive stiffness of the soil, combined with lack of 
adequate ventilation. In short the field observations all tend to indicate 
that the state of the j)lant itself, and not the causative organism of the 
disease, is of first importance. It would thus appear that the poor root 
system with its soft and limp roots, and the starved condition of the 
plant, are due to unfavourable soil conditions plus fungal competition. 
These general conditions which tell against the plant favour the fungal 
flora of the soil, and thus tlie plants are rendered very susceptible to 
fungal and other diseases. 

In general the diseased plants are of squat stature, witli discoloured 
leaves (often with red margins); they fail to form fruit, and there is a 
decline in the formation (»f runners, all of which facts suggest starvation 
conditions. Examination of the root system shows that the roots may 
be completely or partially rotted. This is true of any kind of root. In 
the case of very young roots and rootlets the disease may first, appear 
as blemishes or discolorations, which in a more advanc(‘d condition re- 
semble the typical “dampnig-off '' effect of seedlings familiar t-o growers. 
In stouter roots there is a somewhat similar state as the dying back 
takes plac.e. Sections through a diseased root show tlw presence of 
fungal filaments wdiich completely exhaust tlie storage materials of the 
cortical cells. A section taken above the diseased region shows cortical 
cells of normal appearance, free from hypha(‘. and tilled with starch 
grains. In plants where the disease was quite far advanced it was found 
that the penetrating fungal hyphae were confined to the roots, and that 
the root stock, petioles and leaves (although showing the results of the 
disease) were free from fungal hy[)liae. Voung blemished roots and 
rootlets were found to have hyphae associated with them. 

Without prejudging the evidence in any way the observer is struck 
by the absence in a diseased plant of those tine roots and rootlets which 
play the chief part in the actual absor])tion of the mineral salts and water 
from the soil. It is concluded that the destruction wrought on the fine 
absorbing roots is responsible for the various signs of starvation per- 
ceptible in the green aerial part of the plant and for its final decline 
and death, in fact for all the symptoms usually associated with “ Lanark- 
shire Strawberry Disease.” 

Organisms causing the Disease. 

Wounding organisms of various kinds, such as eel worm, cannot at 
this stage be ruled out altogether as first causes in the attack; the 
general evidence, however, points to the fact that the ultimate and rapid 
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decline in the vitality of the strawberry plant is due to the exploitation 
of the root system (especially of the fine absorbing roots) by fungal 
hyphae. 

Using the usual niytiological technique, atteni])ts were made to 
isolate the fungus or fungi concerned in the decay. For this purpose 
roots of various kinds wen* selected, viz. fine roots 2 cm. long, arising 
from the base of the stem, old loots showing blemishes or badly attacked, 
and rootlets arising from these. Where ])ossibIe the fungi were extracted 
from the junction of decayed an<l undecayed tissue after superficial 
sterilisation with solutions of mercuric chloride or formaldehyde. 
Eighteen separate extractions of fungi were made in this manner, and 
on twelve occasions Pijflnitth sp. was the only fungus obtained. On the 
other six occasions tlie fungi isolated belonged to the Fungi Jmperfecti. 
The Pi/thium cultures wen? obtained from several batches of plants 
and extracted at different times. Pythinm was found associated with 
both young and old blemished and decayed roots. 

Inoculation t(»sts were then carried out. This was done by allowing 
young straw^berry jdants (from runners) to strike in pots of sterilised 
soil, care being taken to avoid contamination from the various external 
sources. When the plants w'erc well rooted the })ots were inoculated 
wdth the cultures of Pyfhvnn which had lieen extracted. After fourteen 
to twenty-one days the plants became <liseased and typical symptoms 
wiu*e dev(*loped. It was found that the P/ftltifun was cafiable of .attacking 
both young and old roots, causing a die-back of the thick roots, and 
denuding them of their fine fibrous rootlets. Under the same* conditions 
non-inoculated control pots remained healthy. The affected roots in 
the inoculated j»ots were taken into the laboratory and the Fifth i ton was 
again isolated from them. 

This evidence demonstrates that the Pifthium is capable of producing 
the strawberry disease as it occurs in field conditions. These observations 
however do not necessarily rule out other causes of disease. Some 
inoculation experiments were also carried out w ith another of the isolated 
fungi, and this also proved capable of attacking the straw^berry roots. 
Under conditions unfavourable to the plant it is probable that a number 
of the soil fungi will prove capable of attacking the roots. It is also 
probable that under special conditions a great many of the soil sapro- 
phytes may develop parasitic tendencies. This tendency will be furthered 
by any reduced vigour of the crop plants. Further experiments along 
these lines are in progress. A full account of the isolation of the fungi 
and methods of inoculation will be set forth in a later publication. In 
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the field it has been found that there are two periods of fungal attack, 
namely, spring and autumn. The isolations referred to above were all 
made from the spring infection. It is possible that isolations from the 
autumn infection will reveal some additional parasites. 

Without stressing such evidence as there is to hand at the present 
time it appears to the author that whether Pylhivni is or is not the 
primary agent causing the disease, there can be no doubt that it has 
the power of exploiting the root system on which the general health of 
the whole plant depends. Further, it is to be noted that Pyllmm sp. is 
a fungus which exploits quickly and spreads very rapidly, both of wdiieh 
features are in accordance with the striking aspects of the flisease as 
seen in the field. 

In the light of these observations it is clear tliat the problem is 
probably an agricultural rather than a mycological one. The main 
factor involved appears to be the general health of the [dant. The fungal 
attack is to be regarded as an important accessory to the main factf)r. 
It is, however, a factor which has become increasingly aggressive owing 
to the accentuation of certain soil conditions. If the roots reach a 
sufficient state of laxness and ill-health they are liable to be attacked 
by any of the parasitic soil fungi. Thus the disease may be due to 
fungal agency without necessarily being referable to one parasite only 
in all cases. 

In view of this finding, experimental work with the soil is being 
carried out side by sid(‘ with the rnycohigical studies. 

Summary. 

1. In the field two aspects of the “ Lanarkshire Strawberry Disease'* 
are apparent, namely, the devastation cu mafise of the strawberry beds, 
and the diseased condition of individual plants. 

2. Soil conditions as a w’hole are unfavourable, and this tells against 
th^ development of an extensive and healthy root system. 

3. The roots are weak and lax, consequent on the excessive stiffness 
of the soil. This renders them liable to fungal attack. 

4. Roots of all kinds were found to be {)enetrated by fungal hyphae, 
and to have hyphae associated with them. 

5. Eighteen separate extractions of fungi were made, and on twelve 
occasions a species of Pythinm was the only fungus obtained. 

6. When inoculated into pots in which strawberry plants had been 
grown under sterile conditions, the Pythium attacked young and old 
roots, and produced all the symptoms of the disease. 
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7. The Pythiuw was isolated again in the laboratory from inoculated 
plants. 

8. This evidence demonstrates that the Pythium is capable of pro- 
ducing the strawberry disease as it occurs in field conditions. It is 
concluded that Pythinm, is an important factor in exploiting the root 
system on which the general health of the plant depen<ls. 

9. The problem appears to be an agricultural rather than a myco- 
logical one. The main factor involved appears to be the general health 
of the plant. The fungal attack is to be regarded as an important acces- 
sory to the main factor. It is, however, a factor which has become 
increasingly aggressive owing to the accentuation of certain soil 
conditions. 

10. Experimental work on the soil is being carried out side by side 
with the mycologicjil studies. 

The author s thanks are due to Prof. d. M. F. Drummond for much 
lielpful criticism and advice during the progress of tliese researches. 


{Received November Vlth, 1920 .) 
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LnTROD(TCTION. 

Millard (4) has shown that common scab of y)otatoes may be inhibited 
by thorouglily mixing a quantity of green organic matter with the soil 
before planting. To account for this be put forward the hypothesis tliat 
since AcHnonryces scabies can live saprophytically it will continue to do 
so as long as there remains a sufficiency of suitable organic residues in 
the soil, and that in this way a protective action is exerted by tlie green 
manure on the potato tubers. There is here a tacit assumption that the 
fungus behaves in a similar manner in nature as in artificial media where 
its habit is to form a compact lichenoid-like growth on the substratum 
rather than to spread in the manner of most fungi. For some time it 
has been felt that some other reason might be found to underlie the 
phenomenon. It is well known that where, in artificial culture, two 
micro-organisms are grown on the same plate culture or on the same 
slope, the one may become dominant even to the total extinction of the 
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other. The dominant organism is naturally that which is the better 
adapted for growth on the media employed. A like competition takes 
place among micro-organisms in the soil, and it occurred to us that 
therein might be found a solution of the problem. “Scabbing soils'’ are 
naturally low in organic content, and, as an example, we may mention 
one of the worst “scabbing soils” with wliich we are acquainted w’here 
the loss on ignition was only 3-8 per cent. Organic matter whether of 
animal or vegetable origin quickly disappears in such soils and its 
decomf)osition is aecoinpanied by great increases in the micro-flora. 
t^onn(i) cit(is an increase in Actinomyces content of 10,0(K),000 j)er gram 
when grass roots were added to the soil. Millard and Whittle in some 
unpublished work have found that the niitial increase of the Actinomyces 
after green manuring is extremely rapid in light soils. Naturally those 
sj)eeies which will most readily resjmnd to this growth impetus will 
be th(* obligat(‘ sapropliytes. There seems little doubt, how^ever, that 
parasitic speci(‘s are also abh‘ to live on oigamc remains in the soil, 
since, as sliown liy Jones and Kdsonci), H. K. LutmaiK'O, and Millard 
and nurr((>), scab may ajipear on potato crojis grown in soils wdiioli have 
eitlier never grown a root crop or have been out ot cultivation for 
od years or more. Moreover, Millard and JiiirrU) liave recently shown 
that there is a wide variation in the degree of parasitism shown by 
certain mt*mbers of the group, and it may well be that the sajuophytic 
capacity of any sp(*eies is in inverse ratio to its j)arasitic ])otentiality. 

Thus, the addition of gn*en manure to a light soil may be expected 
to lead, at first, to an increased growth of both saprophytic and parasitic 
Actinomyces tyj)es. Again, where the vegetable matter adtied is in a 
sufficient state of fineness and brought into a close admixture with the 
soil, it is reasonable to suppose that a very large proportion of the 
Arfinomyces population will eventually become congregated upon it. 
Here, then, conditions become comparable to those in a mixed artificial 
culture. There can lx* little doubt but that the obligate saprophytes 
wdll become dominant, and, that being so, it is very possible that either 
by their secretion of toxic substances or by reason ot their greater success 
in the competition for the available food supply they will depress or 
even kill off the more weakly growing jiarasitic species. Such an hypo- 
thesis easily lends itself to experimental proof, and the experiments to 
be described were designed for that purpose. 
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Plan of Experiments. 

Pots of sterile soil were inoculated in varying proportions with 
cultures of two species of Actinomyces — one a virulent parasite and the 
other an obligate saproph 3 d)e. In the first experiment, the inoculations 
were made in such a way that in the series there w as a gradually increasing 
amount of the saprophyte and a correspondingly decreasing amount of 
the parasite, whilst, in the second and third experiments, the inoculum 
of the parasite given to each pot was constant, and that of the saprophyte 
only was made to vary. Other series of pots were set uj) in each experi- 
ment, in which grass cuttings were mixed with the soil before sterilising, 
and these were similarly inoculated. Potatoes were then grown in the 
pots. 

During the growth of the plants and immediately after lifting, soil 
samples were taken from the pots and counts made of the two Actino- 
myces species. Unfortunately, no method has so far been evolved whereby 
any absolute number representing the Adinomyces content of the soil 
can be obtained, but, by following a conventional technique, the (jounts 
may be regarded as giving correct relative values — not as between 8})ecies 
and species but as between ])eriodical counts of the same species from 
the different pots. Prom them it was possible to ascertain the extent of the 
competition between the organisms, the influence of the grass in this 
connection and the correlation, if any, between these effects and the 
scabbing of the respective crops. 

Exjicriiuenl 1. 

The soil was a light loam having no lime requirement. Three series 
(A, B and 6'), each containing 1 pots, were prepared as follows: 

Series A . Soil only. 

Series B, Soil and grass cuttings intimately mixed— the amount of 
grass used being such as would inhibit scab under ordinary field con- 
ditions. 

Series C. Soil and grass cuttings, the latter in twice the quantity 
used in B. 

All the pots, when filled, were sterilised at .‘U atmospheres pressure 
for 20 minutes and then placed in a greenhouse which had been thoroughly 
washed and disinfected. For the inoculations the two species of Actino- 
myceSy A, scabies (Thaxter) Giissow emend. M. and B. and A. praecox, 
from Millard and Burr’s (8) stock cultures were selected. The former of 
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these is a virulent parasite and the latter an obligate saprophjrte. 
Cultures of both species were made on potato plugs, and the pots were 
inoculated by shaking the cultures into small holes made in the soil. 
They were then cut into small pieces with a sterile knife and thoroughly 
mixed in to a depth of 6 inches. The relative proportions of inoculum 
given in each series were as follows: 

No. of cultures used 

Each series. , ^ 

No. of pot J. scabies A. praecox 

1 12 0 

2 8* 4 

3 4* 8 

4 0 12 

* 1 1 was known from previous exjienmcnts that an inoculum c»f 6 potato plug cultures 
of this organism would produce a scabbed croj). 

After two weeks each pot was planted with a seed potato (variety 
Field Marshal), which had been sterilised by soaking in a J per cent, 
solution of formaldehyde for two hours and vsubsequently allowed to 
sprout in a sterile box. Later, each pot was given a teaspoonful of a 
previously sterilised mixture of artificial manures. The benches and the 
floor in the greenhouse were washed each week with an antiseptic 
solution and the house was twice fumigated with tetrachlorethane 
during the experiment. The plants were watered with sterilised tap- 


Table I. 


Senes 

No. of pot 

Exp. 1. Degree of scab on crops. 

Description of cro 2 > 

Virulence 

A 

1 

21 small potatoes all badly scabbed and showing 

10 


2 

deep brown Ussures which, in some cases, 
covered the whole of the potato 

7 potatoes of which 5 were scabby 

5 


3 

10 potatoes, 2 only showing scabs 



4 

All tubers clean 

0 

B 

1 

10 potatoes, 14 badly scabbed showing fissures as 

9 


2 

in Series A, Pot 1 

1 5 potatoes, 8 showing small scabs 

.3 


3 

10 potatoes, 1 only showing scab 

1 


4 

14 potatoes, all dean 

0 

C 

1 

11 potatoes, unfortunately badly attacked 1 ) 3 ^ 

1 


2 

Rhizoctoma solam*y a few small scabs present 

7 potatoes, 2 scabby 

2 


3 

8 potatoes, all clean 

0 


4 

4 potatoes, all clean 

0 


♦ Tubers severely attacked by this fungus ere rarely badly scabbed. 
Ann. Biol, xiv 


U 
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water and in every case produced good crops. One sample of soil was 
taken from each pot during the growth of the plants and one after the 
potatoes had been lifted for counts of the Actinomyces present. 

Results of Experiment 1. The crops were lifted 20 weeks after planting, 
and the amount of scab present in each is shown in Table I. The 
virulence of the disease is indicated by numbers with a maximum of 10. 

It is unfortunately not possible to reproduce photographs of all the 
crops in the difFerent series. Those from Series B have been selected and 
are shown in Fig. I , where each row of three tubers is representative 
of the whole crop. The crops from Series A were so similar that each 
might be taken to be a duplicate of that from the corresponding pot in 
Series B. In Series C, however, the crops from Pots 2, 3 and 4 were 
cleaner than the corresponding crops from Series A and B, The following 
points appear from the experiment: 

(1 ) That the green manuring in Pot 1 , of Series B, has not appreciably 
reduced scab. 

(2) That a reduction in scab has taken place in each pot whether 
of Series A, B ox C where inoculations of the saprophytic species have 
been made. This decrease of scab is so great that in Pot 3 of each series 
the tubers were practically clean in spite of the inoculations of the 
parasitic species. In regard to Series B and C, where green manure had 
been applied, this result was to be expected, but it was at first very 
surprising to find that scab had also been inhibited in Series A where 
soil only was used. We attribute this, however, to the fact that a heat 
sterilised soil is in itself a medium in which rapid Actinomycetal growth 
will occur and the conditions are thus comparable to that in which an 
additional food supply has been added. 

Soil Counts. The two species of Actinomyces used in the inoculations 
behave very differently in culture and no difficulty was apprehended in 
distinguishing between them on nutrient media. On nutrient potato 
agar A. scabies produces an umbonate fleshy colony which forms no 
aerial mycelium but stains the medium a deep brown colour. A. praecox, 
on the other hand, produces a white aerial mycelium and does not stain 
the medium. In practice, however, great difficulty was at first experienced. 
It should be remembered that during the period of growth of the 
potatoes, a re-population of the soil with bacteria and fungi was bound to 
occur. When soil samples are plated out, the bacterial colonies are the 
first to appear and these may be so numerous as to prevent the sub- 
sequent growth of the Actinomyces. Even in the plates of the higher 
dilutions, bacterial colonies exert sufficient influence to change the char- 
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acters of the Actinomyces colonies. Thus, on nutrient potato agar it 
was found that colonies of A, scabies frequently failed to produce any 
stain, whilst colonies of A, praecox sometimes formed no aerial mycelium. 
Such colonies could therefore only be identified by isolating and growing 
them in pure culture — ^a long and tedious process. Again, it was difficult 
to distinguish between the species when the colonies grew below the 
surface of the medium. Thornton’s synthetic agar and soil extract agar 
were substituted for nutrient potato agar but were not found to give 
any more satisfactory results and the counts made were ultimately 
discarded as valueless. Subsequently, egg albumen agar was found to 
be a very suitable medium and was employed with success in the later 
experiments. Here, however, for reasons given later, no appreciable 
difficulty was caused by bacterial contamination and even nutrient 
potato agar could be used without trouble. 

Experitmnl 2. 

The procedure followed in this experiment differed from that of 
Exp. 1 in the following particulars: 

(1) The soil was of an extremely light and porous nature in which 
Actinomyces were known to thrive particularly well. 

(2) Two series, each consisting of 10 pots (in 5 duplicate pairs) were 
prepared, Series A, of soil only, and Series of soil mixed with grass 
cuttings. As this experiment was started in the early spring it was 
impossible at the time to obtain lawn cuttings, and it did not occur to 
us that under greenhouse conditions Timothy grass grown in the pots 
and forked in would have answered the same purpose. However, the 
inoculations were made in both series of the sterilised soil, and the 
grass cuttihgs which became available on March 1st, were then added 
(after sterilisation) to the pots in Series B, 

(3) In the inoculations each pot, excepting Nos. 9 and 10, was given 



No. of cultures used as muculum 


Each series. 


A 





No. of pot 

A. scahifs 

.4. praccox 


1 ‘ 

2 

24 

24 

c c 

j- duplicate pots 

a 

24 

6 

) 

4 

24 

6 

r »» f> 

5 

24 

12 

) 

a 

24 

1:2 

r f> » 

7 

24 

24 

1 

8 

24 

24 

f ” 

9 

0 

24 

1 

10 

0 

24 

r ” 


14—2 
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the same amount of inoculum of the parasitic species, whilst the inoculum 
of the saprophytic species was increased in geometrical progression in 
each series. The number of cultures given to each pot is shown in the 
table on p. 207. 

Two additional pots which received no inoculum of either species 
were included to test the sterility of the soil. It will be noticed that 
the inoculum of 24 plug cultures of the parasitic species was an extremely 
heavy one and constituted a very severe test for the theory, even where 
the saprophyte was added in correspondingly heavy amounts. 

(4) Two varieties of potatoes. Epicure and Sharp’s Express, were 
used and one of each was planted in the duplicate pots on March 5th. 

In all other respects the technique of the experiment was similar to 
that of Exp. 1 . One soil sample was taken from each pot on April 11th, 
5 weeks after inoculation of the soil, and another immediately after the 
potatoes were lifted on August 11th. 

Results of Experimenl 2. These are best appreciated by reference to 
Pig. 2 where again each row of tubers is representative of the respective 
crop or crops from duplicate pots of Series B. Photographs of four crops 
only are given since these sufficiently represent the gradation in degree 
of scab found in the series. The following observations may be made: 

(1) In Pots 1 and 2 of each series every tuber was literally a mass 
of scab (Fig. 2, row 1). As in Exp. 1, green manuring in the absence 
of a saprophytic Actinomyces species has not reduced the degree of scab 
in the slightest degree. 

(2) A gradual reduction in the amount of scab occurred along each 
series but, in contradistinction to Exp. 1 , this was a little more marked 
in Series B (green manured) than in Series A (soil only). 

(3) In Pots 7 and 8 (Fig. 2, row 3), where the maximum inoculum 
of the saprophyte was given, scab has not been entirely inhibited. The 
reduction from that of Pots 1 and 2 was, however, very great and quite 
comparable to what one might expect under natural conditions in a 
green manuring experiment on a soil so heavily loaded with the parasite. 

Soil Counts, The first counts were made on April 1 1 th, 1 926. Possibly 
on account of the enormous Actinomyces flora introduced into the pots, 
the bacterial flora was found to be greatly reduced and bacterial colonies 
on the plates caused practically no trouble. Both egg albumen agar and 
nutrient potato agar were therefore used for the platings. On the 
former medium A. scabies produces a large spreading colony, yellow on 
the underside, and forming a central tuft of white aerial mycelium, 
whilst A. fraecox produces a thin flesh-coloured colony on which aerial 
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mycelium quickly appears, rimming the colony and then forming one 
or more concentric circles within the first. Where any doubt occurred 
as to the identity of any colonies, e.g. submerged colonies, these were 
picked off from the millionth dilution plates and grown on nutrient 
potato agar slopes. Each soil sample was plated in quadruplicate and, 
excepting in the cases of Pots 2 and 5, where the plates were spoiled by 
“spreaders,’' the four series of plates agreed very closely. A fair corre- 
spondence was also found between the duplicate pots, i,e. Nos. 1 and 2, 
3 and 4, and so on, excepting in Pots 7 and 8, Series A, and Pots 3 and 4, 
Series B, The figures given in Table II are the averages of the counts 
from the quadruplicate platings. 

Table II. 

Exf. 2. Count of Actinomyces from soil samples taken April Wilt, 1926. 

Average No. of Achnomycoi colonies per gram 
of air- dried soil counted from the millionth 


No. of pol. 

dilution plates after 20 days at 24° C. 

/ 

A, mthics (millions) 

^1. praecox (millions) 

Senes A 

1 

1-9 

0 

2 

Plates spoiled 

-- 

3 

0 

320 

4 

0 

98-0 

r» 

Plates spoiled 


li 

0 

102'3 

7 

0 

140 

8 

0 

1740 

9 

0 

2270 

10 

0 

2340 

Series li 

1 

8-5 

— 

2 

9-5 

— 

3 

0 

12-5 

4 

0 

1100 

3 

0 

1090 

6 

0 

1830 

7 

0 

3940 

, 8 

0 

1240 

9 

0 

1220 

10 

0 

1350 


From Table II the following observations may be made: 

(1) The population of A. praecox in ail pots inoculated with this 
species is extraordinarily great but there is no indication that this has 
been appreciably increased by the addition of grass in Series B. In this 
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connection, however, as already pointed out in Exp. 1, due allowance 
must be made for the fact that we are dealing with sterilised soil in both 
series and this serves to mask the effect of the grass in Series JB. 

(2) A. scxMes has shown an increase in the green manured Pots 
1 and 2 of Series J5, over that of the pots containing soil alone in 
Pots 1 and 2 of Series A. Thus, in the absence of saprophytic species, 
the addition of grass may even lead to an increase of the scab-producing 
organism. 

(3) The table indicates an entire absence of A. scabies from every 
pot which received inoculation with A, praecox. This statement, however, 
needs qualifying since in the greater number of platings counts were 
only possible from the millionth dilution plates. The figure of the count 
is most accurately interpreted as meaning absence of A. scabies colonies 
in the millions degree. 

A second count using egg albumen agar was made on August 11th, 
1 926, immediately after lifting the potatoes but was limited to the pots 
of Series B. The results are given in Table III. 

Table III. 

Exp. 2. Count o/ Actinomyces /rom soil samples taken August ll^/<, 1926. 


Average No. of Actinomyces colonics per gram 
of air-dried soil counted from the millionth 
dilution plates after 20 days at 24*^ C. 


^ 0 . of pot. 


A 

Series Ji 

A. scabies (millions) 

A. praecor (millions) 

1 

.34-5 

0 

2 

79-5 

0 

3 

2-5 

1230 

4 

4-0 

128-5 

.■) 

9-0 

148-0 

U 

4-.^> 

123-0 

7 

2-5 

130-0 

8 

30 

141-5 

9 

0 

172-0 

10 

0 

2060 


Here it is obvious that the parasite, though considerably depressed, 
is by no means killed of! as might have been inferred from the first 
count. The difference between the two coimts in respect of A. scabies 
is probably due to the sampling. Thus, the samples for the first count 
were taken whilst the potatoes were growing in the pots from small 
holes 3 to 4 inches deep made towards the edge of the pot. The second 
samples were taken after the soil had been again thoroughly mixed. 
It seems probable then that A. scabies thrives more readily in the lower 



W. A. Millaed and C. B. Tayloe 211 


and damper soil layers. The results given in Table III are certainly 
more in accordance with the degree of scab found on the crops. 

It was thought very possible that the inhibitory effect of A. praecox 
on A, scabies might not have reached its maximum at the time of lifting 
the crop and that a second crop grown in the same pots might show yet 
further evidence of this repression. A further experiment was therefore 
started. 

ExperimerU 3. 

Without any renewal of the soil or further inoculation each pot of 
Series B was replanted on August 20th with a sterilised tuber of the 
variety Great Scot. The crops were lifted on November 15th and, 
although the tubers were rather small, the results were of great interest. 
As regards scab these were as follows: 

Pots 1 and 2. Tubers a mass of scab as in the previous crop. 

Pot 3. Scab alight. 

Pot 4. Scab very severe. 

Pots 5 and 6. Scab slight. 

Pots 7 and 8. Tubers almost free from scab. 

Pots 9 and 10. Tubers quite clean. 

Photographs of the crops from Pots 4, 6, 8 and 10 are shown in Fig. 3. 
In Pot 3 the akin of the tubers was very rough and hard and it seems as 
though here infection of the tubers had been modified by some secondary 
cause. With the exception of this pot the series showed a progressive 
diminution of scab, which was much more pronounced than that of 
Exp. 2 and entirely in accord with what had been expected. 

Soil samples were taken after lifting the crops from Pots 2, 4, 6 and 8, 
and later, on account of the apparent anachronism shown by the count 
of Pot 4, a sample was also taken from its duplicate Pot 3. The counts 
were made on nutrient potato agar and are given in Table IV. 


Table IV. 


Exp, 3. Count of Actinomyces/rom soil samples taken November 1926. 


No. of pot 
2 

3 

4 
(» 


Average No. of Acttnomyces colonies per gram 
of air-dried soil counted from the millionth 
dilution plates after 20 days at 24° C. 

/ I ^ 

A. ftcabtes (millions) .4. prafcox (millions) 


225 


0 

119 

202 


142 


S 


180 


7 
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This count reveals two points of interest. The first is the extra- 
ordinary further increase in the A. scabies content of Pot 2 as compared 
with the two previous counts of the same soil in Exp. 2. From the 
lower temperatures of the greenhouse during the two months previous 
to lifting we might have expected a fall rather than a rise in the Actino- 
myces content of the soil, since it is well known that the parasitic members 
of the group are most active at relatively high temperatures. Again, 
such evidence as is available points to the fact that low temperatures 
are not conducive to spore production. It seems only possible then to 
account for this increased content of A. svnbies by the long-continued 
growth in the soil of its natural host. Millard and Burr (9) have shown 
that this particular species of Actinomyces attacks the roots as well as 
the tubers of the potato and thus the growth of two successive potato 
crops will have provided a plentiful and well-distributed supply of 
suitable food to the parasite throughout the year. 

The second point of interest is the absence of the parasitic species 
from the millionth dilution plates of samples from Pots 3, 6 and 8. This 
result confirms the previous counts and fully establishes the depressing 
effect of the saprophyte on the parasitic species. Pot 4 furnishes an 
exception which can only be accounted for by the fact that (along with 
Pot 3) it received the smallest inoculum of the saprophyte. For some 
reason too, the soil here was very much damper when the crops were 
lifted than that of the other pots, and this condition may have favoured 
the parasitic species. The close correspondence between this count and 
the degree of scab produced in the pots is well illustrated by the 
photographs (Fig. 3). 


Discussion. 

It has been shown that in a soil previously sterilised a saprophytic 
species of Actinomyces will depress the growth of a virulent scab pro- 
ducing species to the point at which its parasitic attack is negligible. 
Whilst, under the conditions of the experiments this inhibitory effect 
has shown itself in sterilised soil nearly as strongly as in a mixture of 
sterilised soil and grass, reasons have been advanced for this and there 
is little doubt that in the field the effect would be very dependent on 
green manuring. We may now ask wherein lies the incompatibility 
between these two organisms. The question of soil reaction first suggests 
itself. Millard (6) in his work on the control of scab, found that the addition 
of green vegetable matter to the soil brought about a slight decrease 
rather than an increase in acidity, and, more recently, Sanford (lO) records 
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a similar result. It was thought desirable, however, to ascertain what 
change in soil reaction, if any, had taken place in our experiments. On 
the conclusion of Exp. 3, therefore, estimations of the pH values of the 
soil in each of the pots in Series B were made, using Gillespie’s method, 
and the results are given below. 

pH values. Estimations made three weeks after lifting the 
potato crops in Exp, 3. 

No. of pot pH 

1 7-3 

2 7*7 

3 70 

4 6-9 

5 71 

6 7*5 

7 7*0 

8 7-3 

9 0-8 

10 6-7 

The figures from the duplicate pots do not show any kind of agree- 
ment, and the deduction which can be drawn from them is that in none 
of the pots has a reaction been produced which would inhibit the growth 
of either organism. It would seem then that the incompatibility of the 
two organisms is due to some factor other than that of soil reaction. 
Since, on artificial media colonies will grow side by side on the same plate, 
tlie writers are inclined to think that the inhibitory effect of the one 
upon the other is not so much a question of incompatibility as of starva- 
tion. On artificial media the parasite is extremely slow in growth 
compared with the saprophyte, and in a soil well supplied with vegetable 
matter this difference in character may easily be intensified. Under 
such conditions it seems very possible for the parasite to be temporarily, 
if not permanently, starved out. Sanford (ii) has shown that in artificial 
culture the growth of his strains of A. scabies was inhibited by various 
strains of bacteria — in some cases on account of the excessive acidity 
produced, and in one case to some unknown factor. It seems very 
feasible, indeed highly probable, that bacteria as w^ell as saprophytic 
Actinomyces may inhibit the development of tlie parasitic Actinomyces 
species. The present experiments, however, do not afford any support 
to the theory. Thus, in the green manured pots which received inocula- 
tions of A. scabies alone, no diminution of scab was produced in either 
of the experiments. It must be remembered, however, first, that the 
Actinomyces inoculations were very heavy, and secondly, that the 


I duplicate pots 

) „ „ 

I .. „ 

} 

) - 
j . 
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bacterial flora of the soil in the pots would only slowly establish itself. 
Even where bacterial development was stimulated by green manure, 
the competition with the already-established Actimmyces would not be 
comparable to that which could occur under natural conditions. Ob- 
viously, the action of bacteria in this connection is open to the same tests 
as those herein described, and these would give more reliable results 
than can be obtained from laboratory cultures. 

Although green manuring has certainly established itself in this 
country as a means for growing clean potatoes — in particular among 
gardeners and small holders — yet there appear to be a number of cases 
in which it has not proved effective. Doubtless some of these failures 
may be attributed to inefficient treatment, but others can scarcely be 
accounted for in this way. Sanford (12), for example, states that he failed 
to reduce scab with an application of green rye at the rate of 2^ pounds 
per potato hill. Such a result would formerly have been very inexplicable 
to us, but the present work may throw some light upon it. Serious 
outbreaks of scab rarely occur on acid soils, and generally are most 
severe on neutral or alkaline soils of a light sandy nature. Where 
green manure is applied to the latter type of soil the conditions are those 
which favour a rush to maximum activity of the saprophytic microflora, 
and a parallel with the heavy inoculations in our own experiments is 
provided. Sanford gives the pH of the soil upon which he experimented 
as ranging from 4*91 to 5*4, and we suggest that his failure was due to 
this high initial acid reaction. He records a slight decrease in acidity 
as a result of green manuring, and shows that in the case of a laboratory 
experiment with another soil the admixture of rye caused a considerable 
temporary rise in pH value. These observations, however, do not alter 
the fact that vegetable matter {e,g, ploughed-in sod) decomposes very 
slowly in acid soils, and it is practically certain that under these con- 
ditions no inhibition of the scab-producing Actinomyces can take place. 
Lastly, the somewhat remote possibility should not be forgotten that 
in those soils where green manuring is ineffective the AcUnomyces species 
or other organisms which can give a quietus to the scab-producing 
species inay be lacking. 


Summary. 

1. The “preferential food theory” as an explanation of the action 
of green manure in the control of scab is criticised. 

2. Experiments are described in which potatoes are grown in series 
of pots containing soil only or soil mixed with grass cuttings. In each 
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series the pots were inoculated with two Aclinomyces species — the one, 
A. scabies (Thaxter) Giissow emend. M. and B., a virulent scab producer; 
the other, A, 'praecox, an obligate and prolific saprophyte. In Exp. 1, 
the inoculum of A. scabies was made to decrease and that of A, praecox 
to increase along the series. In Exps. 2 and 3 the inoculum of A. scabies 
was kept constant, and that of A, prascax was gradually increased along 
the series of pots. 

3. In the absence of the saprophytic Actinomyces species, grass 
alone exerted no inhibitory action on scab. 

4. A reduction of scab was obtained in all pots whether of soil or 
soil mixed with grass to which an inoculation of A. praecox had been 
given. This reduction was most marked in the case of the maximum 
inoculation with A. praecox, 

5. Counts of the two Acimomycss species were made from soil 
samples taken from the pots during and after growth of the potato 
crops, and from these it was found that the presence of the saprophytic 
species had exerted a very strong depressing effect upon the parasitic 
species. This depressing effect was most marked after a whole season’s 
growth as shown by Exp. 3. Here, on the millionth dilution platings 
from a pot inoculated with A, scabies alone, 225 colonies grew’ but no 
colonies of this species were found on the plates of the same dilution in 
the case of three pots to which inoculations of A. praccxtx had also been 
given. 

6. The inhibitory effect of A, praecox on A. scabies is not due to the 
setting up of an unfavourable soil reaction but is probably caused by a 
starving out of the weaker organism in competition for the available 
food supply of the soil. 

7. It is suggested that the beneficial effect of green manuring on 
scab under field conditions is due to similar competitive action and 
that in this competition the bacteria as well as the Actinomyces may 
play a part. 

8. The cases in which green manuring has apparently failed to 
inhibit scab have been considered from this fresh point of view. 

The writers wish to express their thanks to Mr H. Trefor Jones, M.Sc., 
Assistant Lecturer in Agricultural Chemistry in this University, for his 
kindness in making the estimations of the pH values for the soils in 
Exp. 3, and to Mr J. Manby for making the photographs shown in the 
figures. 
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EXPLANATION OF PLATES XV— XVII. 

Fig. 1. Exp. 1. Series B. Pots 1 to 4. Each horizontal row of potatoes is representative 
of the entire crop from one pot. How 1 at the top is from Pot I, and the others follow 
in order. 

Fig. 2, Exp. 2. Scries B. Each horizontal row of ixitatoes is representative of the entire 
crop from the duplicate pots. Row 1 at the top is from Pots I and 2. Row 2 from 
Pots 3 and 4. Row 3 from Pots 7 and 8 and row 4 from Pots 9 and 10. 

Fig. 3. Exp. 3. Pots 4, 0, 8 and 10. Each group is rt'prcsentative of the crop from a given 
pot. The groups are; top, loft, from Pot 4; top, right, from Pot 6; bottom, left, 
from Pot 8; bottom, right, from Pot 10. 
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STUDIES ON CONTACT INSECTICIDES 

PART V. THE TOXICITY OF THE AMINES AND jV-HETERO- 
CYCLIC COMPOUNDS TO APHIS RVM1GI8 L. 

By F. TATTERSFIELD and C. T. GIMINGHAM. 

(Insecticide and Fungicide Departmenty Rothamsted Experimental 
Station, Harpenden,) 

(With 6 Diagrams.) 

An account was given in Part III (3) of this series of papers of the in- 
secticidal properties of the simpler chlor, nitro and hydroxy derivatives 
of benzene and naphthalene, compounds of a more or less acidic character. 
The survey has now been extended to the amines and certain of the 
nitrogen-heterocyclic group of organic compounds, most of which show 
basic properties in a greater or less degree. 

Ill Part III definite gradations in toxicity were shown to occur 
amongst the nitro compounds, and some of them, such as dinitro-phenol 
and dinitro-o-cresol, proved to have marked toxic effects evidently 
depending upon the make-up of the molecule. We have found similar 
gradations amongst the compounds dealt with in this paper. 

Experimental. 

The method employed for the determination of insecticidal values 
has been dealt with in previous papers (i, 2, 3), but a brief resum4 is 
perhaps not out of place. Aphis rumicis (the Black Bean Aphis) has 
again been used as our chief test insect, and as the result of considerable 
experience we are able to rear large numbers of adult wingless females 
of this species, during the summer months, which show little individual 
variation in resistance as judged by the results of many duplicate experi- 
ments. The spraying apparatus useda) is designed to give percentage 
mortality figures under strictly controlled and constant conditions with 
regard to the amount of liquid sprayed, the pressure employed to produce 
the spray, and the length of time of contact. A large number of tests 
can be carried out rapidly and, by testing each compound at a number 
of concentrations, it is possible to draw diagrammatic curves from the 
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results, plotting percentage mortality against concentration, and thus 
to obtain a convenient means of comparing toxicities. 

In making up the mixtures for spraying, we consistently use a 1 per 
cent, solution of saponin in water to ensure satisfactory wetting, and to 
help emulsification. When the substances to be tested are liquids, they 
are dissolved in or emulsified with the saponin solution. Solids insoluble 
in water are, whenever possible, dissolved in a small quantity of benzene 
and then emulsified with the saponin solution. 

Control experiments, many times repeated, have shown that 1 percent, 
saponin solutions, with or without the addition of benzene in amounts 
much greater than are used in the liquids sprayed, are without toxicity 
to A, rumicis. It has occasionally been necessary to add small amounts 
of other solvents ; in such cases special control tests are carried out. 

After spraying, the insects are placed within reach of fresh bean 
foliage and are examined on the two (or, if necessary, three) following 
days. At each examination, counts are made under four headings: 
“unaffected,” “slightly affected,” “moribund” and “dead.” In the 
tables, except in the cases of unimportant compounds, the full data for 
the four categories are given, but in the diagrams, the sums of the figures 
in the last two categories only are plotted against the concentration. 
This procedure perhaps involves inadequate grading, of comparative 
toxicities in some cases, but since “slightly affected” insects almost 
invariably recover and “moribund” insects almost invariably die^, we 
believe that it at all events does not exaggerate, though it may tend to 
minimise toxicity. 

Mr H. M. Morris collaborated with us in the earlier stages of this 
work and we wish to express our appreciation of his help and to record 
our thanks. 

The Amines^ 

Quaiernary c4)m'pounds. Both aliphatic and aromatic amines have 
been tested. In the former of these groups chief attention was given to 
the tetramethyl and ethyl compounds, whereas amongst the aromatic 
compounds a general survey covering a large number of derivatives has 
been made. 

The results obtained with the aliphatic and certain aromatic quater- 
nary compounds are set out in Table I; the figures for tetramethyl and < 
tetraethylammonium hydroxides and salts are plotted in Diagram 1. 

^ There is an exception in the case of compounds exhibiting anaesthetic action. These 
are specially noted. 
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Table I. 

Toxidties to A. rumicis of certain quaternary amnnonium 
compounds and trimethylainine, 

[N -not affected; S —slightly affected; M — moribund; J>=dead.] 
Concentration* 



f 

^ ^ 

No. 







Cm. per 

Mole fjor 

of 

N 

S 

M 

D 

M and D 

Substance 

1(K) c.e. 

100 c.c. 

tests 

()/ 

/O 


tv 

/c) 

% 

O/ 

/O 

Tnmethylamine 

r>o 

•084 

— 

— 

— 



l(K) 

100 

hydrochloride' 

2-5 

•042 

— 


— 

20 

80 

100 

N(CH3)aHCl 

1*0 

•017 

— 

10 

— 

40 

50 

90 

0-75 

•013 


10 

— 

20 

70 

90 


0 5 

•008 

— 

30 

— 


70 

70 


0*25 

•004 

— 

10 

40 

30 

20 

50 

"J’ctramethylam- 

2 0 

•022 

1 

— 

— 

— 

100 

100 

monium hydroxide 

10 

•Oil 

3 

3 

7 

3 

87 

90 

N(CH 3 ) 40 H 

0-75 

•0083 

2 

— 

5 

20 

75 

95 

0-5 

•0055 

3 

3 5 

13 

23 5 

00 

83-5 


0-35 

•0038 

•> 

41 

12 

IS 

29 

47 


0-2 

•002 

2 

45 

20 

15 

20 

35 


0 1 

•001 

3 

07 

3 

20 

10 

30 


0 05 

•(HKi5 

3 

80 

0-5 

3 5 

10 

13-5 

Tetramethylam- 

2-0 

•012 

1 



— 

100 

100 

nionium chloride 

1 0 

•01 

3 

— 

— 


1(K) 

100 

NiCHa)/! 

0*75 

•(K)83 

3 


— 

— 

100 

100 

0-5 

•0055 

3 

7 

3 

10 

80 

90 


0-35 

•(K)38 

2 

10 

5 


85 

85 


0-2 

•002 

2 

10 

— 

35 

55 

90 


01 

•001 

3 

70 

10 

13 

7 

20 


0 05 

•0005 

3 

83-5 

3 

10 

3*5 

13-5 

1’etramethylam- 

10 

•Oil 

1 

- 

— 

10 

90 

100 

monium sulphate 

0-75 

•0083 

1 

— 


10 

90 

100 

(N(Cll 3 ) 4 )aS 04 

(b5 

•0055 

1 


20 

20 

60 

80 

0-35 

•0038 

1 

— 

30 

10 

60 

70 


0-2 

•002 

1 

40 

— 

10 

50 

60 


01 

•001 

1 

50 

— 

20 

30 

50 


005 

•0005 

1 

00 

— 

— 

10 

10 

Tetraethylam* 

monium hydroxide 

2-0 

•014 

3 

23-5 

13 

10 

53-5 

63-5 

1-5 

•0102 

1 

40 

— 

10 

50 

60 

N(C,H 3 ) 40 H 

10 

•007 

3 

30 

10 

13 

47 

60 

0-75 

•0051 

3 

57 

3 

3 

37 

40 


0-5 

•0034 

3 

05*5 

3-5 

3-5 

27-5 

31 


0-35 

•0024 

2 

80 

— 

10 

10 

20 


0-25 

•0017 

T 

80 


10 

10 

20 


0*2 

•0014 

•> 

80 

— 

15 

5 

20 

Tetraethylam- 

20 

•014 

2 

15 

10 

15 

60 

75 

monium chloride 

1-5 

•0102 

1 

30 

— 

- 

70 

70 

N(C3H,)4a 

10 

•0008 

2 

35 

— 

35 

15 

30 

65 

0-75 

•0051 

2 

25 

10 

(55) 

(70) 


0-6 

•0034 

2 

00 

15 

10 

15 

25 


The concentrations in all cases are given in terms of the resjicctive bases. 
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Table I (contimied). 

[N=r not affected; S- slightly affected; M=: moribund; D=:dead.] 



Concentration 

-A 

Substance 

r 

Gm. per 

> 

Mole per 

100 c.c. 

100 C.C. 

Trimethylanilinc 

100-2-5 

•065-016 

hydroxide 

C^HfiNCCHaljOH 

20 

•013 

10 

•0060 


0-75 

•0049 


0*5 

•0032 

Trimethyl-a- 

20 

•01 

naphthylaminc 

10 

•005 

hydroxide 

0 75 

•0037 

CioH,N(CH,)aOH 

0-5 

•0025 


0*25 

•0012 

Trimethyl- fl- 
naphthylamiiio 

2-70 

1-38 

•014 

•0078 

hydroxide 

009 

•(K)39 

CioN,N(CH 3)30H 

0*51 

•0025 


0-34 

•0015 

Dimethyl benzyl - 

2-5 

•Oil 

phenyl-ammonium 

10 

•0044 

hydroxide 

Oo 

•0022 


N(CeH,CH,)(CeH5) 

(CH3),0H 


No. 






of 

N 

S 

M 

D 

MandD 

tests 

0/ 

/O 

/o 

o/ 

/O 

0/ 

/o 

0/ 

/o 

3 





_ - 



100 

1 

— 

10 

— 

90 

90 

2 

10 

16 

5 

03 

08 

1 

50 

20 

— 

30 

30 

2 

90 

— 

5 

5 

10 

1 







UK) 

100 

1 

20 

10 

20 

50 

70 

1 

20 

20 

— 

00 

60 

1 

40 

20 

— 

40 

40 

1 

100 

— 

— 

— 

— 

1 

10 

10 

10 

70 

80 

1 

10 

10 

10 

70 

80 

1 

20 

30 

— 

.50 

.50 

1 

70 

— 

— 

.30 

30 

1 

1(K) 

— 

— 

— 

— 

1 







100 

100 

1 


— 


100 

UK) 

1 

78 

— 

11 

11 

22 


Ammonium hydroxide was not materially toxic at a concentration of 9 gm. NH^ per 
100c.c. Ammonium cliloride, ammonium sulphate, sodium chloride, sodium sulphate 
had little toxic effect at concentrations of 2gm. per 100 c.c. (the highest concentration 
tested). 



Concentration in gm. per 100 c.c. 

• 1 Tetramethylammonium hydroxide 

92r — ,, ,, chloride 

•3 „ „ sulphate 


Concentration in mole per 100 c.c. 

# 4 . Tetraethylammonium hydroxide 

,, ,, chloride 

• Nicotine 


Diagram 1. Toxicities of tetrametbyl- and tetrnethyl*ainmonium hydroxides and salts to 

Aphift rumicu. 
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In both table and diagram, the concentrations are expressed in 
grams and gram-molecules of the base per 100 c.c. of solution sprayed. 
The hydroxide, chloride and sulphate of tetramethylammonium and the 
hydroxide and chloride of tetraethylammonium were tested. Both groups 
of compounds proved fairly highly toxic to A. rumitis. In Diagram 1, 
the results for the tetramethyl compounds fall within the shaded area A, 
the hydroxide on the right and the chloride on the left margin, the 
sulphate being intermediate between the two; and those of the tetra- 
ethylammonium compounds fall in the shaded area B, In both cases 
the hydroxides appear slightly less toxic than the salts, though these 
differences are scarcely significant. It is noteworthy .that such apparently 
innocuous derivatives as the chlorides of these bases should have so high 
a degree of toxicity. Tetraethylammonium was distinctly slower in its 
action than tetramethylammonium, the former showing little toxic action 
until after 24 hours. 

It has long been known that tetramethylammonium possessed marked 
physiological effects upon the higher animals. The classical researches 
of Crum Brown and Fraser ( 4 ) in 1869 showed it to be a powerful poison 
with a paralysing action on the peripheral terminations of motor nerves 
and to have a direct action on the cerebro-spinal system. In more 
recent years, the researches of Barger and Dale ( 5 ) on Chemical Structure 
and the Sympathomimetic Action of Amines,’’ and of Burn and Dale(<i) 
on the “Action of certain Quaternary Ammonium Bases,” have shown 
that tetramethylammonium possesses certain physiological effects 
similar to those of nicotine, in marked contradistinction to tetraethyl- 
ammonium. Burn and Dale, summarising their conclusions, say “Tetra- 
methylammoniura hydrate . . . possesses the nicotine-like action in a 
very intense degree, being approximately as active in its stimulation 
of ganglion cells as nicotine itself; it also possesses a weaker but well- 
marked action of the muscarine type. . . . On the ganglion cells, on the 
other hand, though the tetraethyl compound has no appreciable stimu- 
lating action in ordinary dosage, it exhibits the secondary paralytic 
phase of the nicotine-action almost as powerfully as the tetramethyl 
compounds.” 

In insecticidal tests one would expect the paralysing action to be of 
importance, and if this phase in the physiological action of the two 
compounds, tetramethyl- and tetraethylammonium, were not strongly 
differentiated, that there would be only insignificant differences in their 
respective toxicities. Our results show that, weight for weight and 
mole for mole, the tetramethyl compound is distinctly more toxic to 
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A. rumicis than the corresponding ethyl compound, indicating that in 
all probability the whole series of physiological effects, in which tetra- 
methylammonium is similar to nicotine, is of importance in determining 
its toxicity as a contact insecticide. 

Kichardson and Smith ( 7 ) also tested the chlorides of these bases upon 
A, rumicis, using a different technique, and determined the minimum 
concentration killing 95 per cent. They found the tetramethylammonium 
compound to be almost seven times as toxic as the tetraethyl derivative 
mole for mole. 

The relatively high toxicity of the tetramethyl compounds as 
compared with the corresponding ethyl derivatives is not readily ex- 
plained, and there is little in the literature which seems helpful. 
In the theory of Overton ( 8 ) and Meyer ( 9 ), an attempt is made to 
correlate narcotic action with the partition coefficients of compounds 
(i,e, the ratio of solubility in lipoid or oil to solubility in water). Some 
work on the possibility of a relationship between partition coefficients 
and insecticidal action is discussed in a later paper in connection 
with another group of compounds — ^the fatty acids. In the absence of 
direct experimental work on these lines on the amines, it is impossible 
to say whether Overton and Meyer s theory would offer any help in 
accounting for the difference in toxic action between tetramethyl- and 
tetraethylammonium. The theory has been subjected to much criticism, 
and, expressed in its simplest form, it seems unlikely to be helpful, for 
it is difficult to believe that apy close correlation exists between the 
partition coefficients and the insecticidal action of these substances. 
Harvey (10) has shown that weak bases penetrate tissues of marine 
organisms more rapidly than strong bases, and that tetraethylammonium 
hydroxide, a highly dissociated base, cannot penetrate sea-urchin’s eggs 
and is less toxic than mono-ethylamine hydroxide, a slightly dissociated 
base. The effect of tetramethylammonium hydroxide is not discussed 
in his paper. According to Harvey, the degree of dissociation can 
act in two countervailing ways: the higher it is the lower the pene- 
tration power, and in consequence the toxic action; but provided 
penetration does take place, a more highly dissociated base shows a 
greater toxicity than one of a lower degree of dissociation. In the case 
of tetramethyl- and tetraethylammonium, however, both bases are highly 
dissociated. 

It is a matter of common knowledge that methyl and ethyl groups, 
especially in the alcohols, differ in their physiological effects, and the 
investigations of Flusin(ii) on the penetration of the pig’s bladder by 
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certain alcohols showed that, whereas, methyl alcohol penetrates readily, 
this membrane is almost impermeable to ethyl alcohol. Thus, despite 
the close similarities between the methyl and ethyl groups in both 
chemical and physical properties, we are forced to the conclusion that 
both biochemically and biophysically they must react with some element 
of the living organism in different ways. The difficulty of accounting 
for the differences in the physiological action of tetramethyl- and tetra- 
ethylammonium is summed up by l)ale(i2) in the words ‘‘we are driven 
back on a conception of some peculiar conformation of the reactive 
surface to which the methyl groups are adjusted which the ethyl groups 
will not fit,*' and they apply equally well to the differences shown by 
the compounds in their insecticidal action. 

In Table I the results obtained with trimethylamine hydrochloride 
are also given; it proved only slightly less toxic than tetramethylam- 
monium chloride, a result which agrees with that of Eichardson and 
Smith {loc, nt,). In addition, certain other quaternary compounds, such 
as phenyl-trimethylammonium hydroxide, and tt-naphthyl-trimethyl- 
ammonium hydroxide are placed here for purposes of comparison. 
Although the experiments with these compounds were only of a pre- 
liminary nature, they showed that methyl cannot be replaced by the 
aromatic radical phenyl, or a-naphthyl, wdth any advantage, the resulting 
compounds being on the whole less toxic both weight for weight and 
mole for mole than tetramethylammoniuin hydroxide. The compound 
dimethylbenzylpheiiylammonium hydroxide is of the same order of 
toxicity as tetramethylammoniuin hydroxide when molecular com- 
parisons are made, but it is much less toxic w hen compared on a gram 
for gram basis. 

Thus, so far as we have been able to test this series, the tetramethyl- 
ammoniura radical is unique in its toxic action. 

The aromatic amines {aniline derivatives). Table II and Diagram 2 
show the results obtained with some aromatic amines. 

A large number of the more readily available amines w’^ere tested. 
It w'ould be impossible to graph in any clear way the w'hole of the results 
obtained, and the tables have been shortened in many cases, by giving 
only the outstanding data. In Diagram 2 a shaded area is given within 
wffiich practically all the aliphatic aniline derivatives fall. The isobutyl 
and iso-amyl anilines appear on the margin to the left, methyl aniline 
and toluidine fall to the right of this area, aniline itself being well outside 
to the right; dimethylaniline practically bisecte the area. The labour 
required to differentiate further between these compounds did not seem 

lo — 2 
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Table II. 

Toxicities to A. rumicis of the aromatic amines, 

[N= not affected; slightly affected; M=moribund; D=:dead , 


Concentration 



^ 

> 

No. 







Gm. per 

Mole per 

of 

N 

8 

M 

D 

M and D 

Substance 

100 c.c. 

100 O.O. 

tests 

o/ 

/o 

> 

O/ 

/o 

o/ 

/o 

o/ 

/o 

Aniline 

100 

•11 

1 







100 

100 

CeHjNH, 

60 

•063 

1 

— 

10 

20 

70 

90 

40 

•042 

1 

30 

20 

10 

40 

60 


30 

•032 

1 

70 

10 

10 

10 

20 


20 

•021 

1 

80 

10 

— 

10 

10 


10 

•on 

1 

90 

10 

— 

-- 

— 

Methylaniline 

5*0-2r) 

047-023 

6 

— 





— 

100 

CeH^H(CH,) 

20 

•019 

1 

— 

— 

70 

30 

100 


10 

•0093 

2 

50 

10 

15 

26 

40 


0-76 

•007 

1 

80 

— 

20 

— 

20 


0-6 

•0047 

2 

96 

— 

6 

— 

6 


0-25 

•0023 

2 

90 

10 

— 

— 

— 

Dimothylaniline 

CeH*N(6H,), 

40 

30 

•032 

•024 

2 

2 

— 

— 

16 

100 

86 

100 

100 


2*6 

•02 

1 

— 

— 

— 

100 

1(K) 


20 

•016 

2 

5 

— 

32 

63 

95 


10 

•008 

3 

30 

— 

46-7 

23-3 

70 


0-6 

•004 

3 

80 

— 

6-7 

13-3 

20 


0-25 

•002 

3 

90 


3-3 

6-7 

10 

Ethvlaniline 

60-20 

041-016 

4 



— 





100 

C.H;NH(C,Hs) 

1-0 

•0082 

1 

30 

— 

60* 

20 

70 


0-6 

•0041 

1 

67 


11 

22 

33 


0-25 

•002 

1 

70 

10 

20 

— 

20 

Biethylaniline 

5-0-20 

034-013 

4 









100 

C.H.N(C,H,), 

10 

•0067 

] 

60 

— 

10 

40 

60 


0*5 

•0033 

1 

80 

— 


20 

20 


0-26 

•0016 

1 

89 


— 

n 

11 

o-Nitraniline 

10 

•0072 

1 







100 

100 

C^4NH^0, 

0-76 

•0064 

2 

— 

— 

-- 

100 

100 


0*5 

•0036 

2 

-- 

— 

10 

90 

100 


0*25 

•0018 

2 

10 

— 

30 

60 

90 


0126- 

•009- 

2 

66 

— 

10 

25 

36 


01 

•0072 








0*5 

•0036 

1 

70 

20 

10 

__ 

10 

Diphenylamine 

(C4H4),NH 

10 

0-76 

•0069 

•0046 

3 

2 

6 

— 

20 

36 

80 

60 

100 

95 


0-6 

•003 

2 

— 

6 

35 

60 

96 


0-36 

•0021 

1 

10 

10 

10 

70 

80 


0-26- 

•0016- 

2 

46 

6 

35 

16 

50 


0-2 

•0012 








01 

•00069 

2 ' 

48 

— 

38 

14 

62 

Triphenylamine 

(CAwf 

1-0 

•0041 

— 

Not appreciably toxic 



Methyldiphenylamine 

10 

0*76 

•0064 

•004 

1 

1 

— 

— 

— 

100 

100 

100 

100 


0-6 

•0027 

1 

— 



20 

80 

100 


0*36 

•0019 

1 

60 


20 

80 

100 


0-2 

•0011 

1 

60 





40 

40 


01 

•00064 

1 

70 

- 

20 

10 

30 
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[N== not affected; S = slightly affected; M — moribund; D=dead.] 
Concentration 



f 

K ^ 

No. 







Gm. per 

Mole per 

of 

N 

s 

M 

D 

M and ] 

Substance 

100 c.c. 

100 c.c. 

testa 

e/ 

/o 

e/ 

/o 

0/ 

/o 

% 

% 

Benzylamine 

20. 

•019 



Not appreciably toxic 



(CeH5CH,)NH, 









Dibenzylamine 

5*0-10 



6 



___ 


100 

100 


0*6 

•0025 

1 

— 

— 

— 

100 

100 


0-25 

•00125 

1 

— 

30 

40 

30 

70 

Tribenzylamine 

2*0 

•007 



Not appreciably toxic 












Benzylaniline 

10 

•0064 

4 

2-5 


30 

67-5 

97-5 

CtH, 

0-75 

•004 

3 

7 

— 

50 

43 

93 










NH 

0-5 

•0027 

3 

13 

17 

37 

33 

70 

/ 









C,H,CH, 

0-35 

•0019 

1 

30 

40 

30 



30 


0-2 

•0011 

1 

50 

30 

10 

10 

20 


0*1 

•0054 

3 

67 

27 

6 

10 

16 

Dibenzylanitine 

1*0 

•004 



Not appreciably toxic 



(q,H.CH,),-N 









/ 









C,H. 









Methylbenzylaniliiu! 

10 

•005 

1 

— 

— 

10 

90 

100 

0,H, 

0-75 

•0037 

1 

— 

10 

10 

80 

90 

\ 









C,H,CH,.NCH, 

0-5 

•0025 

1 

10 

— 

20 

70 

90 


0*25 

•0012 

1 

10 

30 

10 

60 

60 


0*1 

•0006 

1 

30 

50 

10 

10 

20 


The following were tested at a number of concentrations and were found to secure 
90-100 per cent, of deaths at strengths ranging from 1-2*5 gm. per 100 c.c.; the points 
representing the toxicities at different concentrations all fall within or very near the 
shaded area in Diagram 2: o> and p>toluidine, dimethyl-o- and p-toluidine, o-, m- and 
p-xylidine, di-n-propylaniline, %so- and di>tsopropylaniline, tsobutylaniline, iw- and di- 
i^amylaniline, dilienzylaniline, o- and p-anipidine, o- and p-phenetidine, monomethyl- 
aniline nitrosamine, nitnisomonomethylaniline nitrosaraine, p-nitrosodimethylaniline. 

The phenylencdiamines (o, m and p) were not toxic at a concentration of 1 per cent. 
Aminodiphenylaminc was not appreciably toxic at 1 per cent. Triphenylamine was much 
less toxic than diphenylamine, having little effect at or below a concentration of 1 per cent. 

The !»• and p-nitranilines, owing to their relatively low solubility in benzene, were 
difficult to work up into a form suitable for spraying, but were not appreciably toxic at 
the strengths tested. The following compounds were also tested: /5*phenylhydroxylamine, 
hydrazobenzene, azobenzene, azotoluene, azoxybenzene, azoxytoluene. j9-phenylhydroxyl- 
amine and azoxybenzene secured 90-100 per cent of deaths at concentrations ranging 
from 0*76 to 1*0 gm. per 100 c.c. ; this was also the case with diazoaminobenzene which 
was more toxic than aminoazobenzene. 
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% 23 — Benzylainine 
• 24 — Diphenylamine 
0 25 --- Methyl benzylaniline 
% 26 McthyUliphenylaiiiiiie 
0 27 — Dibenzylamiue 
% 28 — o-ni tramline 

The other aromatic aniline derivatives fall within 
the shaded area, with the exception of aniline, 
which fails outside to the right 


% 6 — - Phenyl -a-naphthylami lie 
0 7 ... Nitro-a-naphthylamine (crude) 
a-naplithylainmo, methyl-, dimethyl-, and 
ethyl-a-naphthylamines fall within the 
shaded area 


Diagram 2. Toxicities of the aromatic amines Diagram 3. Toxicitips of o-napthylamine 
to Aphh Tuiniciif, derivatives to AphU rumicis 


worth while. The main deduction to be drawn is that in the case of 
aniline the substitution of methyl, methoxyl and ethoxyl groups in the 
benzene ring or of aliphatic groups on the nitrogen do not give rise to 
any great increases in toxicity although all are more toxic than the 
original compound. On the other hand, aromatic nuclei, substituted on 
the nitrogen, give rise to marked increases in toxicity over the parent 
substance; thus diphenylamine, methyldiphenylamine, benzyl-aniline, 
methylbenzylaniline are more toxic than aniline or any of the aliphatic 
anilines, both weight for weight and mole for mole. The phenyl group 
appears to be of greater significance than the benzyl group in this respect, 
but the points on the diagram come so near together that the toxicities 
of all four of these substances can be fairly well represented by one 
curve. Triphenylamine proved less toxic than diphenylamine and 
dibenzyl- and benzalaniline less toxic than benzylaniline. 

The results obtained with the benzylamine derivatives are par- 
ticularly interesting, for they show toxic relationships inter se of the 
same kind as those shown by the phenylamines. Dibenzylamine is 
considerably more toxic than either benzylamine or tribenzylamine. 
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This is analogous to the effects obtained with the phenylamines and 
benzylanilines; i,e. if in each of these series, ammonia (NH3) is taken 
as the basic radical, the compounds in which two hydrogen atoms are 
replaced by aromatic nuclei are more toxic than those in which one or 
three are substituted. We have therefore the following orders^ of 
toxicity: 

phenylamine(anilme) < diphenylamine > triphenylamine. 
phenylamine(aniline) < benzylaniline > dibenzylaniline. 
benzylamine < dibenzylamine > tribenzylamine. 

These relationships raise the question whether the last hydrogen 
attached to the nitrogen which remains unsubstituted in these compounds 
has not a definite significance in determining the toxicity. This hydrogen, 
however, can be replaced by methyl without loss of toxic properties, 
methyl-diphenylamine and methyl-dibenzylaniline have insecticidal 
properties of the same order as diphenylamine. 

The substitution of a second amino group in the o, m or p position, 
or of chlorine or hydroxyl groups, in the aniline ring produces no marked 
increase in toxicity, and bases of the type methylene-diphenyl-di-imide 

NHg NHj 


diamino-diphenylmethane 


show no 


NH -CH,--NH —Cl In - 

appreciable toxicity at a concentration of 1-0 per cent. This is also 
true of benzylethylaniline, formyl-diphenylamine, the benzidine and 
tolidine bases, anhydro-formaldehyde-aniline and anhydro-formalde- 
hyde-o-toluidine. 

The introduction of a nitro group in the n-position to the amino 
group in aniline has a pronounced effect on toxicity. o-Nitraniline is one 
of the most toxic derivatives of aniline tested. On a gram-molecular 
scale the points happen to fall close to the curve showing the toxicity 
of diphenylamine (see Diagram 4). The m~ and /)-nitro derivatives were 
not sufficiently soluble to permit of testing at any concentration at which 
they showed toxicity. 

The nitroso compounds present few points of interest: the nitros- 
amine of methylaniline, the nitrosamine of nitroso-methylaniline and 
p-nitroso-dimethylaniline were toxic at concentrations of about 0*75- 
1*0 per cent. 

* The nitrophenols and nitrocresols show effects of a similar type; mono-nitro- 
phenols <2 ; 4-dinitrophenol > 2 ; 4 ; 6-trinitropbenol (-4 aw. App. Biology^ 1925, xn, 218). 
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Naphthyhmine derivatives. In Table III and Diagram 3 are set out 
the results obtained with a- and j3-naphthylamine and a few of their 
simple derivatives. 

Table III. 

Toxieities lo A. rumicis of some naphthylamine derivatives. 

1 N — not affected ; S — slightly affc'cted ; M moribund ; D = dead. ] 
Concentration 



r 

V ^ 

No. 







Om. per 

Mole per 

of 

N 

S 

M 

D 

M and D 

Substance 

100 c.e. 

100 c.c. 

tests 

o 

/O 

o/ 

/O 

O/ 

/O 

At 

*y 

At 

a-N aph thylamine 

1*0 

•007 

1 

— 

— 

— 

100 

100 

C|oH,NH, 

0*75 

•005 

1 

10 

— 

— 

90 

90 

No solvent: Fine 

0*5 

•0035 

1 

10 

— 

— , 

90 

90 

suspensoid 

0-375 

•0026 

1 

30 

- - 

— 

70 

70 

Ditto coarse suspensoid 



Not materially toxic at 1 

o/ 

/o 


Ditto benzene used 

as 1*0 

•007 

2 

10 

— 

— 

90 

90 

solvent* 

0*75 

•005 

2 

15 

— 

5 

80 

85 


0-5 

•(K)35 

3 

26 

10 

6 

58 

64 


0*35 

•0025 

1 

50 

— 

20 

30 

50 


0*25 

•0018 

2 

00 

— 

5 

5 

10 


0*2 

*0014 

1 

80 

10 

— 

10 

10 


01 

•0007 

2 

75 

15 

5 

5 

10 

Methyl-a-naphthyl- 

1*0 

•0064 

2 

— 

— 

10 

90 

100 

amine 

0*75 

•0048 

2 


— 

11 

89 

100 

CioH7NH(CH3) 

0*5 

•0032 

2 

20 

5 

25 

50 

76 


0*35 

•0021 

1 


— 

— 

40 

40 

Dimethyl-a- 

1*0 

•0058 

1 

— 

..... 


100 

100 

naphthylamine 

0-76 

•0044 

1 


— 

— 

100 

100 

CjoH^NlCH,), 

0*5 

•0029 

2 

25 

10 

10 

55 

65 


0*35 

•002 

1 

60 

20 

— 

20 

20 

Diethyl-a-naphthyl - 

1*0 

•005 

1 

— 

— 

— 

1(K) 

100 

amino 

0*75 

•(K)37 

2 


5 

... 

95 

95 

C,oH,N(C,H8), 

0*5 

•0025 

3 

40-5 

4 

7-5 

48 

55-5 

0-25 

•0013 

2 

70 

— 

— 

30 

30 

Phenyl-a-naphthyl- 

1*0 

•0046 

2 

— 

— 

40 

60 

100 

amine 

0*75 

•0034 

2 

5 

- 

40 

55 

95 

CioH,NH-CeH. 

0*5 

•0023 

2 

5 

10 

40 

45 

85 

0*35 

•0017 

1 

30 

— 

60 

10 

70 


0-25 

•0011 

1 

50 

20 

— 

30 

30 


Ethyl-a-naphthylamine gave irregular results but a mortality of 90-*100 per cent, was 
shown at concentrations between 1 and 2 {ler cent. Amyl-a-naphthylamine (containing 
some di-derivative) and nitroso-a-naphthylamine (commercial) secured a mortality of 
80-100 per cent, at concentrations of 0*5-0*75 per cent. Di- and totrahydro-a-naphthyl- 
amine (ar), dihydro-dimethyl-a-naphthylaminc gave mortalities between 80 and 100 per 
cent, at concentrations between 0*76 and 1*0 per cent. 

]3-Naphthylamine and its derivatives were less toxic than a-naphthylamine and 
its derivatives. )9-Naphthylamine, dimethyl-)3-naphthylamine, phonyl-j3-naphthylamine, 
tctrahydro-jS-naphthylamine (oc) were not completely toxic at concentrations of 1*0 per cent. 

1 : 2-naphthalene-diamme was not toxic at a concentration of 1*0 per cent. 

* Benzene used as a solvent at the rate of 2 o.c. per cent, of the spray fluid for the 
highest concentration (1 per cent, a-naphthylamine), and in proportion at the lower 
concentrations. 



F. Tattbrsfibld and C, T. Gimingham 


229 


Figures in Table III show that a-naphthylamine is rather more 
toxic than /3-naphthyIamine. 

The points expressing the toxicities of a number of derivatives such 
as methyl-, dimethyl-, ethyl- and diethyl-a-naphthylamines fall within 
the shaded area of Diagram 3. All the jS-naphthylamine derivatives 
tested were less toxic than the corresponding a compounds. 

a-Naphthylamine is also more toxic, weight for weight and mole 
for mole, than aniline; in general, however, radicals which when sub- 
stituted in the aniline molecule produce distinct increases in toxic 
action, have a less marked effect when substituted in a-naphthylamine. 
a-Naphthylamine was tested both as a fine suspension and as an emulsion 
of its benzene solution in saponin and water. The preparation of a fine 
suspension of a-naphthylamine in I per cent, saponin solution is a matter 
of some difficulty, and it is usually imstable owing to aggregation of 
the particles and the growth of crystals. The finely suspended solid was 
more toxic than the emulsion of the benzene solution in saponin solution, 
the figures for the former falling outside the left margin of the shaded 
area in Diagram 3 and those for the latter lying on the right. The 
results for the fine suspension are based, however, on one experiment 
only, as, except on one occasion, we were unable to maintain the sus- 
pension for a sufficient length of time to carry out the trials. 

As in the case of the corresponding aniline derivatives, phenyl-a- 
naphthylamine and nitro-a-naphthylamine^ were more toxic than the 
other a-naphthylamine derivatives tested. The results are expressed on 
Diagram 3 by the dotted curve. 

For purposes of comparison the results obtained with a few of the 
more toxic compounds of aniline and a-naphthylamine are plotted 
together in Diagram 4. 

Diphenylamine is appreciably more toxic than phenyl-a-naphthyl- 
amine, but nitraniline is rather more toxic than the crude sample of 
nitro-a-naphthylamine, when comparisons are made between concen- 
trations on a gram percentage basis. Diagram 4 shows that, mole for 
mole, ho>vever, one curve represents with a fair degree of accuracy the 
toxicities of all these derivatives. a-Naphthylamine itself is more toxic 
than aniline, both weight for weight and mole for mole: the introduction 
of the naphthyl group into the ammonia radical (NHg)® affects toxicity 
more than the introduction of a phenyl group. The substitution of a 

^ The nitro-iiaphthylamine was a technical product, which could not be purified 
readily by recry stallisation. 

• Ammonia itself in solution is only very slightly toxic. 
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phenyl nucleus, however, in the amino group of aniline increases toxicity 
proportionally to a greater extent than its substitution in the amino 
group of a-naphthylamine. 

Looking at these relationships between toxicity and structure from 
the standpoint of substitution in the respective hydrocarbon nuclei, we 
find that the introduction of the amine group into benzene or into 
naphthalene materially increases toxicity; but the influence of the 
amino group does not seem to be additive, since the introduction of a 
second NHg does not give rise to any great increase in toxicity; indeed, 



Concentration in gm. per 100 c.c. Conoentraiion in mole per 100 c.c. 

• 1 Diphenylamine # 2 o-nitraniline % 3 Plienyl-a-naphtbylaniine 
% 4 Nitro-a-naphtbylamine (crude) 

Diagram 4. Toxicities of diphenylamine, o-nitraniline, phenyl-a-naphthylamine and 
nitro-a-naphthylamine (crude) to Ayhin rumicift 

the a-j8“diamine of naphthalene is less toxic than a-naphthylamine. The 
NHg group in the aromatic amines may act by increasing the affinity 
for oxygen and there may be an optimum degree of reactivity and, if a 
compound absorbs oxygen too rapidly, its toxic action may be destroyed 
before reaching a vital point of the insect. Thus the diamines which are 
less stable than the monamines may well show a less toxic action be- 
cause they are oxidised to innocuous derivatives shortly after spraying. 

Hydrogenation of the naphthylamine molecule does not produce 
any marked increase in toxicity; ar-dihydro and ar-tetrahydro-a- 
naphthylamine and the ac-tetrahydro-j3-naphthylamine are not more 
toxic than a-naphthylamine. 
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Nitrogen-heterocydic Compounds. 

This group of compounds is of considerable importance from 
an insecticidal point of view. It includes nicotine; and in recent years 
the dipyridyls prepared by C. R. Smith (13) have been shown by 
Richardson (14) to have a high potency as contact insecticides; pyridine 
and its homologues have also occasionally been employed for this pur- 
pose. An examination was therefore undertaken of the toxic properties 
of the more commonly occurring members of this series. 

Nicotine (jS-pyridyl-a-N-methylpyrrolidine). As a contact insecticide, 
nicotine has been in common use for many years and is now regarded as 
the standard material for this type of work; for that reason we refer to 
it first among the heterocyclic compounds. 

Much work has been done by various investigators on the physio- 
logical action of nicotine upon the higher animals, and it has been shown 
to have certain characteristic effects on the nervous system. McIndoo(i.'>) 
showed that spray solutions of nicotine neither pass into the tracheae 
nor penetrate the integuments of insects, whereas the vapour does so 
and is there condensed ; it is however found distributed to all the tissues. 
In insects, as well as in the higher animals, nicotine kills by paralysis 
of the nervous system, travelling along the central cord from the 
abdomen to the brain. Mclndoo states that it gives rise to the same 
physiological changes as those caused by deprivation of oxygen. 

It was convenient in the earlier part of this work to use pure nicotine 
as a standard of comparison and a large number of tests have been 

Table IV. 

Toxicity of nicotine to A. rumicis. 

[N = not affected ; S = slightly affect<Kl ; M - moribund ; D = dead.] 

Concentration M and D 

^ A ^ aUow- 



Gm. per Mole per 

No. of 

N 

S 

M 

D 

M and D mg for 

Substance 

100 c.c. 

100 c.c. 

insects 

o/ 

/O 

o 

/o 

O/ 

o 

o 

o 

% 

control 

Nicotine 

•26 

•0015 

108 

0-9 

— 

1-8 

97-2 

990 

990 


•2 

•0012 

210 

10 

0-5 

6-7 

92-9 

98-6 

98-5 


•16 

•0009 

143 

7-7 

21 

91 

8M 

90-2 

89-8 


•1 

•0006 

170 

71 

2-9 

12-9 

77- 1 

900 

89-6 


•08 

•0005 

149 

60 

12- 1 

22-8 

59- 1 

81-9 

81] 


•06 

•00035 

145 

19-8 

4-7 

171 

57-4 

74*6 

73-4 


•04 

•00025 

148 

38-5 

11-5 

11*5 

38-5 

500 

47-8 


•02 

•0001 

143 

76-9 

2-8 

91 

11*2 

20-3 

16-8 


•01 

•00006 

210 

79-5 

3-3 

4-3 

12-9 

17-3 

13-7 


•005 

•00003 

145 

91-7 

0-7 

1-4 

6-2 

7-6 

3-6 


•0026 

•00001 

148 

93-9 

— 

1-4 

4-7 

61 

20 

Control 

— 

— 

142 

95* 1 

0*7 

0*7 

3-5 

4*2 




Percentage moribund and dead 
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Diagram 5. Toxicity of nicotine to Aph%» ruviicit (allowing for controls). 

Average for three years* results. 

carried out in the course of our experiments, the results being set out 
in Table IV and Diagram 5. 

These figures are the average of the results obtained during three years, 
the total number of insects used at each concentration being over 100. 
Under the conditions of the experiments, in which the insects used were 
all at the same stage (adult apterous agamic females), nicotine is pro* 
bably less effective than if aphides, including all stages of development, 
were used. There was some evidence, during the course of the experi- 
ments, that external meteorological conditions had an effect upon 
toxicity, but the data on this point are not sufficiently full to warrant 
discussion at this stage. 

Our results indicated that, on the average, a concentration of about 
0-1 per cent, of this alkaloid killed 90-100 per cent, of the adult insects 
which is in fairly close agreement with the opinion of Pickering (16) that 
a concentration of 0-075 per cent, was effective against aphis, apple 
psylla, etc. In small scale field-trials on beans heavily infested with all 
stages of A, rumicis^ we have found that, in general, lower concentrations 
of nicotine than the above established a good control. Thus, with soft 
soap as a spreader, a concentration of 0*025 per cent, gave good control, 
0-05 per cent, good to complete control, and 0-1 per cent, complete 
control. 

Pyrrole, pyrrolidine, pyridine and piperidine. The results obtained 
for these compounds are given along with the other members of this 
series tested, in Table V« 

They are of special interest owing to their close relationship to 
nicotine. 
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Table V. 

Toxidties to A. nimicis of some N-heterooifdic compounds. 

[N = not affected ; 8 = slightly affected ; M = moribund ; D = dead.] 


Substance 

Pyrrole 


NH 


Concentration 

, ^ , No. 

Gm. per Mole per of N S 

100 c.c. 100 e.c. tests % % 


M 

% 


MandD 

/o 


Shows an anaesthetic action. Not ma- 
terially toxic at a concentration of 
10-0 % 


Pyrrolidine 

Hp Hz 


tr 

NH 


Pyridine 


0 


a-PicoIine 


0‘=»3 


Lutidine 


Collidine 

(2-methyl-6-ethyl- 

pyridme) 

C.H, 


“a. 


3;>-2r) 

10 

0-75 

0*5 


•049-035 

•014 

•on 

•007 


60 

100 


10 


5 95 100 

— 100 100 

10 20 30 


100 

•13 

2 



— 

50 

50 

100 

7-5 

•095 

1 

— 

— 

100 

— 

100 

50 

•063 

2 

50 

— 

35 

15 

50 

2-5 

•031 

2 

58 

10-5 

21 

10-5 

31-5 

10 

•013 

2 

65 

10 

20 

5 

25 

0-75 

•(K195 

1 

90 - • 10 

Has an anat»thi‘tic effect 


10 

100 

•11 

1 



40 

60 

100 

7-5 

•081 

1 


— 

20 

80 

100 

5-0 

•054 

1 

— 

20 

50 

30 

80 

2-5 

•027 

1 

Ml 

20 

— 

20 

20 

10()-5-0 

•083-047 

3 






100 

2-5 

•023 

2 

15 

— 

10 

75 

85 

1-0 

•0093 

2 

30 

— 

10 

60 

70 

0-75 

•007 

1 

90 

— 

— 

U) 

10 

0-5 

•0047 

2 

95 


5 


5 

50 

•041 

1 




100 

100 

,3-6 

•031 

1 

— 

40 

40 

20 

60 

2-5 

•021 

1 

20 

60 

10 

10 

20 

10 

•0083 

1 

70 

10 

— 

20 

20 


Quinoline 


00 


6 - 0 - 2-6 

1-5 

10 

0-75 

0-6 

0*25 

01 


•039-019 

•Oil 

•0077 

•0058 

•0039 

•0019 

•00077 


6-5 

25 

14 

57 

95 


H-5 

5 

18 

10 


40 

30 

45 

3-5 

7 


60 

57 

25 
64-5 

26 


100 

100 

87 

70 

68 

33 

5 
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Table V {continued) 


[N = not affected ; S — slightly affected ; M = moribund ; D = dead.] 


Substance 

Isoquinoline 

00 - 

Acridine 

OK) 

N 

Piperidine 

NH 

Bonzylpyridine* 
distilling 276*^- 
278® C. 


Crude benzylpyridine 
distilling in steam 


Pyridiuc-N-benzyl 

chloride 


Concentration 




No. 






Om. per 

Mole per 

of 

N 

s 

M 

1) 

M and D 

100 c.c. 

100 c.c. 

tests 

/'O 

% 

o/ 

/o 

% 

o/ 

/o 

2G 

•019 

1 





10 

90 

100 

1-6 

•on 

1 

— 

— 

— 

100 

100 

10 

*0077 

2 

5 

— 

20 

75 

95 

0-75 

•0058 

2 

15 

5 

30 

50 

80 

Of) 

•0039 

2 

m 

10 

10 

20 

30 

0-25 

*0019 

2 

90 

10 


— 

— 

10 

•0056 

1 



10 

50 

40 

90 

0-7o 

•0042 

1 

— 

— 

100 

— 

100 

on 

•0028 

1 

- 

10 

70 

20 

90 

0 25 

•0014 

1 

10 

10 

80 

— 

80 

01 

•00056 

1 

80 

— 

20 

— 

20 

005 

*00028 

1 

90 

10 

— 

— 

— 

5*0-3 5 

059-041 

2 





25 

75 

100 

2*5 

•029 

2 

— 

— 

45 

55 

100 

1*0 

•012 

2 

40 

25 

5 

30 

35 

0*75 

•(K)88 

1 

90 

— 

— 

10 

10 

0*5 

0050 

2 

70 

15 

10 

5 

15 

0*25 

•0029 

2 

90 

10 

— 

— 

— 

2*5-1 *0 

015-0059 

2 



. 




l(X) 

0*5 

*003 

3 

— 

— 

13 

87 

1(N) 

0*35 

•002 

2 

5 

5 

10 

80 

90 

0 25 

■0015 

1 

— 

— 

70 

30 

100 

0*2 

•0012 

2 

35 

— 

10 

55 

65 

0*1 

*00050 

2 

45 


20 

35 

55 

0075 

•(MK)44 

1 

liO 

-- 

- 

40 

40 

0*05 

•0003 

1 

80 

— 

- 

20 

20 

0*5 



»> 





5 

95 

UK) 

0-.35 


2 

— 

— 

15 

85 

100 

0*2 

— 

2 

— 

- 

25 

75 

100 

0*1 

- 

«•> 

15 

25 

20 

40 

60 

0075 


2 

20 

25 

10 

45 

55 

0*05 

— 

•> 

5 

35 

25 

35 

60 

0*025 

— 

T 

20 

40 

20 

20 

40 

50-2-5 



2 







100 

100 

1*0 

- 

3 

- 

— 

42 

58 

100 

0*75 

— 

2 


— 

35 

35 

70 

0*5 

- 

*> 

30 

5 

20 

45 

65 

0*35 

- 

T 

40 

40 

20 


20 


N-methyl- and i«opropyl-pijK‘ridineH were of the saniii order of toxicity as piperi- 
dine. /tfoamyl- and benzyl-pipendine wore slightly mort? toxic than piperidine. Quin- 
aldine and tetrahydroquinaldine secured a mortality between 80 and 100 per cent, 
at concentrations of 0-5~l’0 per cent. 2 ; 4-i)imethylquinoline» chinosol sulphate and 
base, and acriflavine were not completely toxic at 1-0 per cent. The choline bases of 
pyridine and their hydroclilorides secured a mortality of 80-100 per cent, at concentrations 
of 2*6 per cent. Triacetonamine was not completely toxic at a concentration of 2*6 per cent. 

a-amino-pyridine and 2 : 6-diamino-j>yridinc were not toxic at concentrations of 
1 gm. per lOO c.c. 

♦ The fractions of benzyl pyridine distilling from 278® to 304® C. differed little in toxicity 
from the fraction distilling 276® to 278® C. 
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Neither pyrrole not pyridine have any marked toxic action. Pyrrole 
shows an anaesthetic effect on A. rumids and at such considerable 
concentrations as 10*0 per cent, the majority of insects sprayed re- 
covered. We found pyridine to be slightly more poisonous than pyrrole, 
nevertheless its toxicity is so slight as to render it almost worthless as 
an insecticide. Brunton and Tunnicliffe(i8) have shown that although 
pyridine has some slight effect upon the sensory apparatus, respiration 
and heart action of frogs, it can be regarded as comparatively non- 
poisonous. It is curious that it should have been found ( 17 ) to be highly 
toxic in the vapour phase to certain mites and their eggs, to which it 
seems a highly specific poison. 



Diagram 6. Toxicity of certain heterocyclic derivatives to Aphih rumieiK. 

The effect of hydrogenation on the toxicity of both pyrrole and 
pyridine is considerable, pyrrolidine and piperidine being found to be 
relatively highly toxic when compared with their parent substances. 
This may be due to increased reacti\ity and a consequent increased 
effect upon the nervous system. It has been shown (cf. Spiegel (lO)) that 
pyrrolidine and piperidine have a paralytic action on both central and 
peripheral nerves. Both are how’ever much less toxic to insects than 
nicotine, which undoubtedly owes its high potency to its molecular 
make-up taken as a whole; the attachment of the pyrrolidine nucleus 
in the jS-position of the j)yridine ring, and the presence of an asymmetric 
carbon atom may be significant. 

The results obtained with pyridine and various other members of 
this group, ranging from pyridine to acridine, are expressed in Table V 
and Diagram 6. Certain other compounds such as the naphthacridines 
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were prepared, but were too slightly soluble to be tested in any thorough 
way. They did not appear to possess any marked toxic properties. 

In Diagram 6, the concentrations are plotted as fractions of a gram- 
molecule per 100 c.c. against the percentage of moribund and dead. 
There is a steady increase in toxicity as the molecular weight increases: 
pyridine < picoline < lutidine < quinoline and isoquinoline < acridine. 
We were unable to secure a sample of trimethylpyridine (collidine); its 
isomeride ethylmethylpyridine was slightly less toxic than lutidine. 

M ‘Kendrick and Dewar (20) have shown that with various types of 
animals, the physiological action on the sensory nerves is augmented 
by the introduction of aliphatic side chains into compounds of this 
group, and that in the series pyridine, picoline, lutidine, etc., there is an 
increase in the effect in passing up the series. In their action upon 
insects the same order is observed. Whether this is due to an increase 
in molecular weight, or to change in some physical property in corre- 
lation with the increased bulk of the molecule, has not up to the present 
been ascertained. 

The toxicities of quinoline and isoquinoline are identical and ap- 
parently the points at which the pyridine and benzene nuclei are fused 
in these compounds are unimportant in determining toxicity to insects. 

The substitution of a benzyl group has a pronounced effect on the 
toxicity of pyridine. Benzylpyridine prepared by the method of Tschits- 
chibabin(2i), and apparently a mixture of the a- and jS-derivatives, was 
more toxic than any other pyridine derivative tested, except nicotine. 
Concentrations of about ()-2 per cent, killed HH) per cent, of the insects. 

The toxicity of the pyridine ring can therefore be increased by 
hydrogenation, by the introduction of side chains and by fusion with 
one or more benzenoid rings. A fourth method is the attachment of a 
second pyridine ring as in the dipyridyls; these compounds are not 
dealt with in this paper but the work of Richardson and Smith (13, 14) 
shows them to be much more toxic than pyridine^. 

The Defendence of the Toxic Values of Insecticides on the 
Phase in which theif are applied. 

Tattersfield and Roberts (22) tested the insecticidal values of a few of’ 
the compounds dealt with in this paper, using wire-worms as the test- 
subject and applying the insecticide in the vapour phase in closed flasks 

^ Since this paper was handed in for publication, a full account of the work of these 
authors on the dipyridyls has appeared {Jour. Agr. Hen. 192(5, 33, 597), in which the 
hij^h toxicity of certain of thew? derivatives to insects is demonstrated. 
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under standard conditions. Although these conditions differ widely 
from those employed in our spraying technique, it is of some interest to 
make a general comparison of the kind of effects obtained, although it 
cannot be put on a quantitative basis. 

Amongst the inorganic compoimds, ammonia gas was, relative to 
other compounds, moderately toxic to wireworms, when its concentration 
was expressed in fractions of a gram-molecule per litre of air, and highly 
toxic when expressed in grams per litre of air. As a spray fluid, ammonium 
hydroxide was scarcely toxic to aphides at a concentration of 9 gm. per 
100 c.c. Although the amount of ammonia falling on any individual 
aphid can only be very minute and will evaporate at a fairly rapid rate, 
it is of interest that, to an insect of the type of A, rumids, ammonia 
should be comparatively harmless when applied in solution, whereas 
when applied as gas, it should have so profound an effect upon wireworms, 
commonly regarded as highly resistant insects. 

Benzene, toluene, xylene are not active as insecticides ( 3 ) but the 
toxicity increases with molecular weight; this agrees with the type of 
results obtained by Tattersfield and Roberts for the effect of these 
substances in the vapour ]>hase. There is, moreover, both in the liquid 
and vapour phases a definite increase in toxicity on substituting an 
NH^ group in these rings. There is also in both cases an increase in 
toxicity produced by methylating the amino group of aniline. 

The only other instance common to both investigations, in which 
direct comparisons can be made, is the case of pyridine, found by us to 
have a toxicity to A, of a very low order when used as a spray 

fluid and by Tattersfield and Roberts to be only moderately toxic as 
vapour to wireworms. As already noted however p 3 rridine in the vapour 
phase has apparently a specific toxic action to mites and their eggs. 

a-Naphthylamine and diphenylamine w’cre non-toxic under the 
conditions of the experiments of Tattersfield and Roberts, whereas as 
sprays they are moderately toxic. Presumably the toxicity of these 
compounds in the vapour phase was limited by low volatility, and a 
prolonged exposure of the insects might have changed the category in 
which these compounds were placed. 

Plot experiments. 

A few substances found toxic in the laboratory experiments were 
tried on a larger scale on plots of broad beans badly infested with 
A. rnmiris. Wetting and spreading was ensured by making up each 
spray fluid with 0*35 jier cent, soft soap solution. 

Ann. Biol, xiv 
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Tetramethylammonium chloride and sulphate were both tried under 
these conditions; they were completely effective in controlling the 
aphides at a concentration of 0*35 per cent, of the base, and there was 
no sign of injury to the plants. The sulphate also gave good results at 
a concentration of 0-125 per cent, of the base. 

Some of the aromatic amines were also tried. a>Naphthylamine and 
mono-methyl-a-naphthylamine destroyed the aphides when used at 
concentrations of 0-4 per cent, and above, but also caused considerable 
damage and staining of the foliage. The latter effect was not shown by 
dimethyl-a-naphthylamine which however was slightly less effective as 
an insecticide. 

The only p)rridine derivative tested in this mamier was benzyl- 
pyridine. The results bore out completely the figures obtained in the 
laboratory experiments, all the insects being killed by a spray fluid 
containing 0-1 per cent, of this compound. Moreover, no damage what- 
ever was caused to the plants. Benzyl-pyridine is an oil without disagree- 
able properties and, if it could be prepared reasonably cheaply, it might 
find some use as a contact insecticide. Its high toxicity warrants further 
work on the subject. 

Summary. 

1. The toxicities to Afhis rumicis of certain aliphatic and aromatic 
amines and of some of the simpler nitrogen-heterocyclic derivatives have 
been quantitatively determined. 

2. Tetramethylammonium hydrate and chloride are more toxic than 
the corresponding tetraethylammonium compounds. This is in keeping 
with the findings of Dale and his co-workers who have shown that 
tetramethylammonium has certain physiological effects similar to those 
of nicotine which are not shown by tetraethylammonium. 

3. The aromatic amines, on the whole, show little insecticidal 
action. Aniline and most of the aliphatic anilines are only slightly toxic 
to A. rumicis. The substitution of aromatic groups in the amino group 
of aniline increases toxicity more than the substitution of aliphatic 
groups. There are interesting relationships in regard to toxicity among 
these compounds. For example, the following orders of toxicity were 
noted: 

Phenylamine (aniline) < diphenylamine > triphenylamine. 

Phenylamine (aniline) < benzylaniline > dibenzylaniline. 

Benzylamine < dibenzylamine > tribenzylamine. 

4. o-Nitraniline is one of the most toxic of the aniline derivatives. 
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5. a-Naphthylamine is more toxic than aniline. Substitution of 
various radicals in the amino group of aniline has a greater effect on the 
toxicity of the resulting compound than substitution of the same radicals 
in a-naphthylamine. a-Naphthylamine derivatives are more toxic than 
the corresponding )3-derivatives. 

6. Among the heterocyclic compounds, nicotine is highly poisonous 
to A. rumici^^. The heterocyclic rings constituting the molecule of nicotine 
are much less toxic than nicotine itself; pyrrole and pyridine show 
comparatively slight insecticidal action. The order of toxicity of the 
simpler N-heterocyclic compounds runs: 

Pyrrole < pyridine < picoline < lutidine < quinoline and isoquino- 
line < acridine. 

7. Hydrogenation of pyridine and pyrrole increases their toxicity; 
piperidine is more toxic than pyridine and pyrrolidine than pyrrole. 

8. Benzyl-pyridine is the most toxic i)yridine derivative tested. 
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ON THE CONTROL OF GLASSHOUSE INSECTS 
WITH CALCIUM CYANIDE 

By HERBERT W. MILES, M.Sc. (Bristol), N.D.A. 

(Entomologist, American Cyanamid Company.) 

During the past few years, as pointed out by Speyer and Owen (4), 
efforts have been made in America and Germany to develop a means of 
generating hydrocyanic acid gas by a method simpler than that of jar 
cyaniding, which has certain attendant disadvantages, including the 
necessity for separate weighings and measurings of sodium cyanide, 
sulphuric acid and water, the need for numbers of jars in large com- 
mercial houses, the labour involved and the limitations resulting from 
weather conditions. As a result of investigations in the United States (i), 
calcium cyanide containing 40 50 per cent. Ca(CN)2 was manufactured, 
and after tests by Weigel (7) and others, this material has become widely 
used as a cheap and convenient source of hydrocyanic acid gas. Several 
grades of calcium cyanide, including dust and fine and coarse granules, 
are now available; the fine granular form recommended for glasshouse 
fumigation is like sharp sand and resembles basic slag in colour. With 
calcium cyanide no acid is required to generate the gas, and no mixing 
is necessary, for on exposure it slowly reacts to the moisture in the 
atmosphere and hydrocyanic acid is given off. Under glasshouse con- 
ditions the reaction continues for several hours and thus renders possible 
a long exposure with a low concentration, the type of fumigation 
recommended by Lloyd (2) for the control of the greenhouse white fly, 
Trialeurodes vaporariorum Westw. In May 1925, calcium cyanide was 
introduced into Great Britain, and since that date a large number of 
fumigations have been carried out in various parts of England (3), using 
this material as a source of hydrocyanic acid for the control of white fly, 
aphides and thrips, and the following is an account of the results so far 
obtained. I am indebted to Mr C, T. N. Wakely, B.Sc., and Mr A. 
Turner, A.R.C.Sc.L, N.D.H., for their help in conducting the fumigations, 
and to Mr F. Laing of the British Museum and Dr J. Davidson of 
Rothamsted, for identifying certain of the insects dealt with. 
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Methods. 

In conducting the fumigations herein discussed, the cubic capacity 
of the glasshouse was first determined, and the calcium cyanide was 
measured by means of a graduated distributing funnel. The funnel used 
was provided with a lid and a tap, the former to prevent the escape of 
the fumes during application, and the latter to provide an easy means 
of running the calcium cyanide off. The fumigant was applied along 
the paths of the house and all ventilators closed and doors locked for 
the night. Next day the house was opened up early and after an hour 
or so examination for results was made. 

In recording the results, where no live insects of the species against 
which the fumigation was conducted, could be found after careful 
search, 100 per cent, kill was recorded; where, in a heavy infestation, 
only odd active specimens could be found 90 per cent, kill was recorded. 
Where the kill was only partial, estimations were made in several parts 
of the glasshouse and the results averaged. When the pest was present 
in small numbers only, counts were made and the percentage figure 
obtained from them. In the case of fumigations for the control of white 
fly, where a number of fumigations were carried out at the same dosage, 
the lowest and highest estimated percentage kill figures are given to 
indicate the range of control obtained. In the case of the aphid control 
fumigations, the per cent, kill figures represent the average estimated 
kills from the fumigations at each dosage. While absolute accuracy is 
not claimed, the figures serve to indicate the degree of control obtained, 
particularly when taken in conjunction with the number of fumigations 
carried out. 

Experiments on the control of white fly (Trialeurodes 
vaporariorum Westw.). 

Fifty-four fumigations were conducted in glasshouses in various 
parts of Great Britain and under a variety of conditions, and in twenty- 
seven cases 90 per cent, kill or over was obtained on the adult insects. 
The following table indicates the dosages employed and the conditions 
as to temperature and humidity obtaining at the time of fumigation. 

Plants fumigated included chrysanthemum, azalea, runner bean, 
cucumber, freesia, tomato and arum. In most cases the temperature 
varied between 55® and 70° F. at the commencement of fumigation and 
the relative humidity varied from 70-95 per cent. The lower dosages 
were employed when fumigating young plants such as seedling tomatoes 
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Dosage per 


Relative 

Control 

No. of 

1000 ou. ft. 

Greenhouse 

humidity 

(kiU) 

fumigations 

(oz.) 

temperature 

0/ 

/o 

% 

2 

iV 

62-71® F. 

— 

60 

2 

i 

60-67® F. 

90 

70-80 

4 

i 

54-70® F. 

72-95 

80 

1 

i 

64® F. 

79 

80 

11 

i 

5a-07® F. 

71-87 

90-100 

17 

i 

56-^® F. 

84-87 

50-100 

11 

i 

52-70® F. 


60-100 

2 

i 

.'5S-70® F. 

— 

100 

4 

1 

50-77® F. 

— 

100 


and cucumbers. In spring, when plants are usually soft and tender, 
they can only be fumigated with a low dovsage, but under suitable 
conditions dosages as low as ^ oz. per 1000 cu. ft. were found to keep 
the white fly in satisfactory check. The I oz. dosage was employed for 
plants such as tomatoes in normal growth ; J oz. for chrysanthemums, 
and the higher dosages from J oz. to f oz. for mature tomatoes towards 
the end of the season, under abnormally dry conditions. Increased 
dosages were, of course, necessary in leaky houses. The moisture factor 
was variable; under very dry conditions it was necessary to damp the 
paths an hour or two before fumigation ; in other cases the paths were 
so damp that satisfactory fumigations were not obtained until the 
cyanide was sprinkled on dry boards. Under average conditions in 
glasshouses, however, sufficient moisture was present for the satisfactory 
evolution of hydrocyanic acid gas from the calcium cyanide. Previous 
to fumigating open tanks were usually covered with sacks or boards. 
The calcium cyanide was distributed by means of a funnel provided 
with a tap to allow for the regulation of the flow, thus permitting even 
distribution throughout the greenhouses. Local conditions influenced 
results to a considerable extent, leaky houses, excess of moisture on the 
paths, low temperatures and high winds often being responsible for 
unsatisfactory results. 


Experiments on the control of aphides. 

Several species of aphides cause considerable injury in glasshouses, 
and in the course of these investigations at least five species have been 
encountered in various parts of England, all being more or less common 
and generally distributed. The following table lists the species and 
fumigating conditions, together with the dosages used: 



Herbert W. Miles 


243 



Dosage 
per 1000 


Relative 

No. of 

Results 


ou. ft. 

Greenhouse humidity 

fumiga- 

(kill) 


(oz.) 

temperature 

o/ 

/o 

tions 

% 

Myzua p&raicat SuJz. 

) 

71° F. 

73 

1 

80 


62° F. 

79 

2 

70 

* 

1 

6S-62° F. 

83-89 

3 

90 


5 

52-66° F. 

83-94 

8 

98 



fK)° F. 

89 

] 

90 


i 

52° F. 

— 

I 

100 

MmvroHiphum gti Kcjch. 

I 

60° F. 

86 

2 

75 


65° F. 

— 

1 

60 

Jtf . Itneatum V. d. Ooot. 

i 

55° F. 

88 

2 

60 

MyzuH circumflexus Buck. 

1 

53-65° F. 

83-89 

5 

78 


i 

59° F. 

68 

1 

80 


1 

53-55° F. 

S8-90 

2 

90 

Macroaiphontella aanborni 

i 

53° F. 

— 

1 

100 


i 

53-55° F. 

— 

2 

100 

A phta rumicia L. 

i 

59° F. 

89 

1 

90 


When used under suitable conditions, with the temperature between 

and 70° F., and relative humidity of 80-90 per cent., effective control 
was generally obtained with a dosage of ^ oz. of calcium cyanide per 
1000 cu. ft. In practice it was found most satisfactory to employ a low 
dosage and carry out two or three fumigations at about weekly intervals. 
Myzm yersicae^ which lives and breeds throughout the year under 
glasshouse conditions and infests a great variety of plants, is the species 
most commonly met with under glass. Myzns circinnjlexm occurs 
commonly on arums and is occasionally found on tulips, cyclamen and 
freesias, though most glasshouse plants may be attacked. According to 
Theobald (5), this species increases most rapidly from February to May, 
although it is found all the year under glass. Macrosiyhum gei Koch. 
(solan if olii Ashm.) occurred on tulip in the fumigations recorded above. 
This species is known to attack sprouting potatoes (6). Macrosiphum 
lineaUnn V. d. Goot occurred commonly on chrysanthemums at Worthing 
and Cambridge in November 192G, Macrosiphoniella sanborni occurs on 
chrysanthemums out of doors from September to November and 
throughout the winter under glass. Under ordinary greenhouse con- 
ditions it is found that the species is easily controlled at a dosage of 
{ oz. per 1000 cu. ft., whereas the other species under similar conditions 
may need a higher dosage. 

Experhnent^ on thrips. 

During the course of these investigations four species of thrips have 
been dealt with: Helioihrips bicinctus Bagn. on smilax, Thrips tabaei 
Lind, on smilax, arums and carnations, Parthemthrips dramenae Heeg. 



244 Control of OUtsshouse Insects with Calcium Cyanide 


on Eentias and other palms and J?. haeinorrhoidalis Bouch6. on tomatoes, 
arums and scolopendrium fern. Fumigations with calcium cyanide were 
found to be successful in killing adult thrips, but failed to destroy the 
immature forms. In the case of attack by T. tabaci on carnations, the 
insects, especially the adults, infest the opening blooms and, where 
vast numbers are found deep down amongst the bases of the petals 
and within the sepals, their feeding may almost bleach the petals. The 
hydrocyanic acid gas penetrated the flowers well and was found to 
destroy thrips even in such locations. H, haemorrhoidalis occurs fairly 
commonly on arums, and in one case in Guernsey infestation was so 
severe in a house of tomatoes as to make the grower consider destroying 
the plants and re-planting. Periodic fumigations were found to destroy 
the adults and gradually reduce infestation, and the plants commenced 
making cleaner growth shortly after the first fumigation. The control 
of both species on arums was effected with comparative ease, but with 
H. bidnctm on smilax four fumigations were necessary to effect satis- 
factory control. 

The following table lists the dosages employed and the conditions 
obtaining: 


Species of thrips 

Plant 

DoBaRO 
perlOO(» 
cu. ft. 
(oz.) 

Greenhouse 

temperature* 

Relative 
* humidity 

O' 

/O 

Resuh 

(kill) 

% 

Thrips tabaci 

Carnation 

i 

60^ F. 

— 

10 

Heliothnps haemorrhwdalts 

»♦ 

Tomatoes 

I 

i 

62° F. 
59° F. 
59-60° F. 

72-7.3 

« 

65 

.30^ 

Arums 

i 

60° F. 

89 

70 

H. hicincias 

Smilax 

i 

59° F. 

97 

10-20t 

Parthenothrips draateiiae 

Kentia palms 

H 

60° F. 

— 

90t 


* Partial control, f Many stupefied but revived later. X Nymphs appanmtly affected. 


Calcium cyanide fumigaiions and mealy bag control. 

Though no experimental fumigations have been carried out where 
definite counts for mortality give an accurate idea of the amount of 
control obtained, the following experiments in Guernsey indicate that 
calcium cyanide will give satisfactory control of mealy bug on tomatoes 
and vines. Tomatoes grown in a glasshouse where Pseudococcus mari- 
time Erh. occurs as a pest each year, were found by the writer to be 
infested in April 1926, when the plants were about 2 ft. high. Two or 
three little clusters of the insects occurred on each plant and the grower 
proposed using calcium cyanide for the control of aphides which were 
also present. Weekly fumigations, using Joz. per KKK) cu. ft., resulted in 
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comparative freedom from mealy bug after 8 weeks, and at the end of 
July the grower stated that he had never had so little trouble with this 
pest, which this year had caused no damage either to the plants or 
the crop. 

In another glasshouse in Guernsey, weekly fumigations for the 
control of the mealy bug on vines were commenced, just at the end of 
the flowering period (May 25th, I92()), with a dosage of J oz. of calcium 
cyanide per 1000 cu. ft. This dosage was used for several weeks and 
then increased to J oz. per 1 000 cu. ft. 

The treatment proved highly satisfactory and the grower stated 
that, whereas in other years all the bunches of fruit were infested before 
the end of June, at the end of July 1920 he could not find a single 
infested bunch. 


Coat of fu mi gal ion with calcium cyanide. 

The calcium cyanide method of fumigation compares very favourably 
as regards costs with the older method of fumigation with sodium 
cyanide and sulphuric acid. The cost of fumigating a glasshouse of 
40,0(K) cu. ft. at J oz. dosage works out at 1^. 8rf. plus the cost of labour, 
which is small, since the operator has merely to pour the calcium cyanide 
from the tin into a graduated funnel and read off the required amoimt. 
The funnel tap is then turned and the fumigant applied along the paths 
as the operator walks through the glasshouse. 

Summary. 

Experiments on glasshouse fumigation with calcium cyanide in 
Great Britain during 1925-26 indicate that this material is a satisfactory 
source of hydrocyanic acid gas, and can be used to control a number of 
the usual pests infesting glasshouse plants. Trialeurodea vaporariorum 
Westw. was held in check with dosages of oz. per 1900 cu. ft. and 
effectively controlled with dosages from J - 4 oz. per 1000 cu. ft. according 
to the conditions prevailing. 

At least six species of greenhouse aphides were controlled with 
dosages varying from 1 oz. to ^ 02. per 1000 cu. ft. 

Thrips, of which four species were dealt with, were more difficult to 
control, apparently only the adults being affected by the hydrocyanic 
acid gas. Dosages of ^ to 1 J ozs. per lOCK) cu. ft. killed varying percentages 
of the adults and a series of fumigations were found to give satisfactory 
control. 
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Two instances are cited where continued fumigations with calcium 
cyanide apparently resulted in control of mealy bugs on tomatoes and 
vines in Guernsey. 
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THE EFFECT OF SOIL STORAGE AND WATER 
CONTENT ON THE PROTOZOAN POPULATION 

By D. WARD CUTLER and A. DIXON. 

(From the General Microbiology DepL, Rothamsted Experimental Station.) 

As it has been conclusively shown that protozoa form a constant con- 
stituent of the soil population, and since it is known that their relation- 
ship to the other members of that population is an important one, it 
was decided to re-investigate the effect of certain external conditions on 
their multiplication and life j)roce88es. The present paper deals with the 
effect of soil storage and of the water content of the soil. 

Soil Storage. 

In microbiological studies it has been and still is a common practice 
to store soils for laboratory experiments in bottles or similar containers 
for varying periods of time. Within the past few years, however, it has 
become apparent that such a procedure produces such large changes in 
both the size and composition of the soil population that accurate 
experiments are impossible with soils so treated. Lipman(iO) concludes 
that in soils kept in pots under greenhouse conditions the filling of the 
pots and the application of fertilisers involve a more intimate contact 
of the soil particles with atmospheric oxygen than is possible under 
field or garden conditions. This leads to an abnormal multiplication of 
the soil bacteria and to a consequent abnormally rapid oxidation of the 
organic matter. In the course of time the more readily decomposable 
portions of the organic matter become depleted and this is followed, in 
turn, by a decline in the numbers of bacteria. The numbers of the 
bacteria in his experiments all showed after a period of two months a 
large decrease. 

Waksman(i5) similarly found that fungi and bacteria in soil kept 
undisturbed in covered earthenware pots after the first few days showed 
a general falling off in numbers until the 174th day when the decrease 
was very slow. Eleven months after the soils had been bottled the 
numbers of micro-organisms did not change appreciably, a umform 
balance of microbiological activity having been reached. Allison (i) 
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concludes that lack of aeration was a determining factor in causing 
decrease in numbers during storage of soil. 

Fantham and Paterson (6) in their work on the South African soils 
showed that certain species of protozoa persist, though not all survive, 
in soil bottled for three years; and that the sequence of appearance of 
the protozoa in cultures is altered after storing; the ciliates from stored 
soil developing more rapidly in cultures than do those from fresh soil. 
Goodey(7) also obtained an abundant fauna of amoebae and flagellates 
from soils that had been stored for many years. 

It is possible, however, that in all these cases the observers were 
dealing with the cysts of the protozoa, and that the active forms had 
disappeared during the period of storage. But since it is imperative, for 
certain kinds of experiments, that the soil shall be stored and placed 
under controlled laboratory conditions, it was decided to carry out 
investigations designed to discover a method by which the soil inhabitants 
were not injured by such treatment. 

The species of protozoa which it was decided to consider were the 
common soil flagellates Cercomona^ crassicnmla^ HeteromUa ghhosa^ 
Oicomonas termo^ and the widely distributed soil amoebae Diwastigamoeba 
gruberi. At first the effect of placing sieved soils in bottles stoppered 
with cotton wool was tested, since in the past this has .been a common 
method of conducting experiments. The bottles were kept stoppered 
for weekly intervals when they were opened to permit of taking a sample 
for counting purposes, and at the same time to adjust the water content 
which was maintained approximately at one half the water-holding 
capacity of the soil. Previously to removing the stoppers the soil was 
violently shaken in order to get uniform distribution, but at no time 
during the experiment was the soil taken out of the bottles. Counts 
of the protozoa and bacteria made at weekly intervals for five weeks 
showed a steady decrease in numbers. This diminution being in respect 
of the total numbers of the protozoa rather than in respect of the 
percentage of active forms, which remained fairly high throughout the 
experiment. 

Since this might have been due to the artificial external conditions 
of the laboratory, a second experiment was carried out similar to the 
one already described, except that the bottles were buried up to the 
shoulders in a field, the tops being protected from heavy rain by small 
tin plates supported above them. As is seen, however, from Table I 
a decrease in the general population of the bottled soil still occurred even 
under these somewhat more natural conditions. 
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Cercomomu 

t ' •*' \ 

Days Total % act. 
At start 172,000 991 

7 9,720 644 

14 6,600 0 

21 8,600 0 ' 

28 6,700 0 

35 4,700 0 


Table L 


Bacteria 

H.globma Oicomonaa D.gruben in mil- 

A ^ ^ A ^ ^ A ^ liong pgr if^Q 


Total 


Total 

% act. 

Total 

% act. 

gram 

content 

55,400 

98-0 

55,400 

971 

18,300 

96-5 

19-7 

21-2 

2,400 

0 

4,800 

03-8 

1,200 

0 

10-4 

^ 22-5 

i,i00 

0 

2,300 

0 

250 

0 

13-4 

* 23-8 

4,700 

82-5 

2,300 

76-2 

420 

96-6 

11-9 

23-6 

1,700 

80-3 

2,300 

27*8 

000 

0 

100 

24-6 

2,400 

0 

1,900 

0 

1,200 

84-2 

8-1 

23-7 


A second experiment made a month later than that given in Table I 
but otherwise under identical experimental conditions gave similar 
results. 

These two experiments are given as illustrations of many that were 
made at different periods of the year and with soils which had been 
variously manured. Since all the experiments gave similar results 
detailed reference to each is not necessary. There appeared to be two 
reasons for the effects observed: 

(a) the effect of sieving; 

(b) that the ratio of the surface area of the soil to its volume was 
insufficient for adecjuate aeration. 

Experiments speedily eliminated the first possibility for no effect 
could be observed when sieved soil was compared with unsieved soil. 
It was decided therefore to concentrate on the second possibility. 

Large quantities of soil were sieved and filled into bottles stoppered 
as before and also into earthenware pots such as are used for pot culture 
work, the pots having an internal diameter of lU inches and a depth of 
12 inches. The pots and bottles were kept outside and as far as possible 
protected from rain. The figures already given in Table 1 were obtained 
from the bottled soil : those given below in Table II are for the soil in 
the pots. 


Table II. 



Cercomotuu 

//. globosa 

^ 

Oicomonas 



D. grain 

•n 

Bacteria 
in mil- 
lions per 

H,0 

Days 

' Total 

% act. 

Total 

act. 

'Total 

% act. 

Total 

> 

art. 

gram 

content 

At start 

172,000 

99*1 

55,400 

980 

55,400 

97- 1 

18,300 

90-5 

19*7 

21-2 

7 

8,200 

27-4 

2,030 

50-0 

5,720 

0 

4,500 

WO 

186 

24-2 

14 

13,200 

91-0 

1,180 

0 

0,700 

82‘4 

290 

0 

21-4 

20*6 

21 

01,000 

0 

13,4(H1 

870 

13,400 

03 0 

1,780 

91-9 

11-3 

25-2 

28 

250,000 

97- 1 

10,300 

87*8 

3,300 

04 5 

I.OIIO 

82-4 

24 3 

2G-3 

35 

420,000 

95-0 

250,000 

90- 1 

350,000 

97-5 

090 

0 

10-5 

20*4 
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Comparison of the two tables shows that the organisms in the pot 
soil behaved in a much more normal manner than those in the bottled 
soil. It is true that during the first week of the experiment there was a 
very marked drop in the numbers of all the species counted, but after 
this initial depression the population increased and there was an indi- 
cation of the fluctuations in numbers which are associated with normal 
field soils. This was also shown by the bacteria. Owing to the pot not 
being as adequately protected from the weather as were the bottles, 
the water content of the former varied more during this experiment, 
but it is not thought that this is sufficient to account for the difference 
between the two sets of soil. 

The final sets of the experiments made were with soil confined in 
earthenware pots of a shape giving a large surface area. These pots were 
shallow with a depth of (5 inches, but an internal diameter of 25 inches. 

A series of five such experiments were done at different periods of 
the year, and it was found that after an initial depression, lasting for 
about three days, the numbers of both protozoa and bacteria remained 
normal and exhibited the fluctuations already referred to above. 

The final series of these experiments were carried out towards the 
end of 1924 and since that date we have had an opportunity of testing 
the correctness of our conclusion, viz. that provided the surface area of 
the soil is large relative to its volume it is possible to carry out laboratory 
experiments on the micro-organisms of stored soils. 

Repeatedly it has been necessary for us to investigate the effect of 
various treatments on the soil inhabitants; and when a small quantity 
of soil was needed it has been our practice to use a large Retri dish as the 
container. This procedure has been found to be quite satisfactory. 

Effect of Water Content. 

Regarding the effect of water content of the soil upon the activities 
of micro-organisms a certain amount of information has been obtained 
by early investigators. 

Koch (8, 9) and Coppa(2) consider moisture to be the most important 
factor in the growth of soil protozoa. Koch's results indicate that the 
largest number of protozoa were recorded when the moisture was highest 
(J| of oy)timum) and at the lowest of optimum) protozoa did not 
become active. Waksman(i4), on the contrary, states that ‘‘the soils 
with the optimum moisture gave in the main higher bacterial numbers 
. . .than those containing full moisture holding capacity.’* 

Cunningham (3) supports Koch's view, since he finds that the number 
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of protozoa is increased in the soil with a moisture content of 70 per cent, 
water-holding capacity and in saturated samples, where flagellates de- 
velop to the exclusion of amoebae. Waksman(i3) finds that flagellates 
are present in soil with a moisture content of 14 per cent, which is too 
low for the development of the other groups. Sherman (12) also states 
that small flagellates will develop in soil of 11 per cent, water-holding 
capacity. 

As the conclusions just cited were obtained from experiments in 
which either the direct method of counting was used or else where no 
distinction had been drawn between active and cystic stages of protozoa, 
it seemed desirable to re-investigate the problem using the methods 
elaborated in this laboratory (4); and counting the numbers of active 
and cystic forms of the same species of protozoa as were used for the 
storage experiments. 

In the first set the soil was air dried and then moistened until it 
attained a water content equal to J of the water-holding capacity. 
Owing to the drpng all active protozoa were killed, but the animals 
in the cystic condition remained viable. Counts made at varying periods 
after the soil had been moistened would show whether there was sufficient 
water to allow of excystation and subsequent reproduction. 

Two counts were made at intervals of 1 ^ hours and 24 hours after 
the soil had been wetted. In only one case, that of Cercomonas crasfiicanda, 
di«i excystation and reproduction occur, the numbers of this animal 
increasing from 04, (KK) per gram to 230,000 in 24 hours. 

The numbers of bacteria, which at the beginning of the experiment 
were 6*0 millions per gram, also showed an increase to 11*69 during the 
same period. Repetition of this experiment gave similar results. 

It was therefore decided to carry out similar experiments with in- 
creasing water contents and at the same time to enumerate the numbers 
of active protozoa in addition to the total numbers. The results are 
given in Tables III, IV. 

From these two experiments it would appear that soil having a 
water content of one-third or above its water-holding capacity provides 
a suitable medium for tlie excystation and reproduction of these four 
common soil protozoa and that at J of the water-holding capacity only 
the species Cercomonas crassicauda is capable of survival. 

It will also be noticed from the figures given in the tables that the 
organisms exhibited the same kind of fluctuations both in total numbers 
and the proportion of active and cystic forms as has been shown in 
earlier papers (4) to be characteristic of normal field soils. 
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Table III. 

Soil air dried and water content brought to } w.h.o. 


At start After hrs After 4^ hrs 


After 24 hrs 

A 


After 48 hrs 



No. % act. No. 

% act. 

No. 

%aot. 

No. 

%aot 

No. 

% act. 

Cercomonas 

230,000 0 96,000 

88-4 

64,000 

43-7 

230,000 

85-6 

140,000 

83-7 

H, globosa 

21,000 0 21,000 

85-6 

3,600 

600 

44,000 

05*9 

5,100 

67*6 

Oicomonaa 

10,000 0 6,100 

64-9 

5,100 

87*4 

10,000 

87-0 

5,100 

40-9 

D gruhert 

1,800 0 1,800 

76-2 

2,600 

0 

1,800 

66-2 

900 

84>6 



Table IV, 







Soil air dried and water content brought to w.u.o. 




At start After 3 hrs 

After 6 hrs 

After 24 hrs 

After 72 hrs 


A 

A _ 

A 


A 


A 



No. % act. No. 

% act. 

No. 

% act. 

' No. 

% act. 

r 

No. 

% act. 

Cercomonas 

44,000 0 68,000 

37*8 

230,000 

84-3 

420,000 

85-9 

420,000 

85-9 

H. globosa 

41,000 0 44,000 

0 

15,000 

80*2 

140,000 

83-6 

140,000 

96-2 

Oicomonas 

1,800 0 1,800 

40-2 

10,000 

66-8 

44,000 

91-6 

21,000 

82-4 

D. gruhert 

7,300 0 10,000 

201 

l.'j.OOO 

26-6 

21,000 

87-6 

30,000 

87-6 


In order to test how far these laboratory results are a true picture 
of what takes place in a field under normal environmental conditions, 
advantage was taken of a dry spell of weather in 1924 under which 
certain of the Rothamsted soils became deficient in water. Samples 
from the top four inches of the surface soil of one of the Barnfield plots 
were taken daily for three days and gave water contents of 6*4 per cent., 
6*2 per cent, and ()•! f)er cent, respectively, the water-holding capacity 
of the soil being 37*9 per cent. The results of the counts are given in 
Table V. 

Table V. 


Iflt day 


2nd day 


3rd day 


Gmommas 

r-' 

Total no. 

64,000 

% active 

94-2 

Total no. 

15,000 

% active 

67-5 

Total no. 

44,000 

H. globosa 

2,600 

0 

2,600 

0 

2,600 

Oicomonae 

1,300 

0 

640 

0 

640 

Z). gruberi 

1,800 

0 

900 

0 

1,300 


% active 
87-9 
0 
0 
0 

These results are therefore in agreement with those obtained from 
laboratory experiments, and it is of interest to note that again the 
flagellate Cercomonas is capable of living in an active condition under 
conditions of extreme dr 3 mess. 

Finally in another experiment soil was taken at various depths from 
two plots of Hoos Field: one of the plots was fallow, the other being 
cropped with wheat— Table VI. 
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Table VI. 



Depth 

Total 

% act. 

Total 


Total 

% act. 

Total 

% act. 

Total 

% act. 

Total 

% act. 

CerconuynoB 

100 

68-7 

230 

56-1 

320 

50-0 

110 

730 

4.70 

Ol-O 

320 

24-7 

H, gldbosa 

25 

0 

26 

0 

100 

0 

38 

0 

56 

0 

56 

0 

Oiconumas 

25 

0 

79 

0 

25 

0 

25 

0 

25 

0 

0 

0 

Z>. gruberi 

IGO 

0 

no 

0 

no 

0 

HO 

0 

230 

0 

160 

0 

Water content 4-25 


4-3 

4 

‘5 

1 

1)*6 


>•7 

0 

■8 


Here again it is found that except in the case of Cercomonas activity 
was not possible for the protozoa at such low water content. • 

It would seem therefore that low water content of the soil constitutes 
a limiting factor for the development of protozoa, but that once the 
value rises above the limiting one, J to J the water-holding -capacity, 
further increase in the amount of water does not have a very marked 
effect. 

This view finds support in the results obtained by (Sutler, Crump 
and Sandon(i) in 1922, The numbers of bacteria and of six species of 
protozoa were counted daily for a year. Throughout this period, except 
for the last nine days, the water content of the soil varied between 
12 per cent, and 22 per cent., but no correlation could be found between 
the numbers of micro-organisms and the amount of soil water. During 
the last nine days of the experiment the soil gradually dried and there 
was an indication that this was resulting in a diminution in the number 
of active forms of the protozoa, and a consequent increase in the size of 
the bacterial population. 

SandoiKil) in his work on the Disiribnlion of Protozoan Faumi of the 
Soil discussing this question writes "that the statement frequently 
made. . .that moisture is the principal controlling factor, though very 
plausible, appeiirs to be equally unfounded." 

Provided that the moisture contents in question were above the 
limiting value, as was the case in the soils discussed by bandon, this view 
would appear to be perfectly correct. 


SUMMAKY. 

1. Experiments are described showing that it is possible to conduct 
laboratory experiments on micro-organisms in stored soil, providing the 
surface of the soil is large relatively to its volume. 

2. Experiments on the influence of moisture on the soil protozoa 

Ann. Biol, xiv 
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show that active forms are found in soils containing a very low per- 
centage of water. 

3. The flagellate Cercomonas cfrassicauda was found to excyst and 
reproduce in air-dried soil brought to J the water-holding capacity. 
The numbers of the bacteria also in this experiment nearly doubled 
their numbers in 24 hours. 

4. Four common soil protozoa were found to behave normally in 
soil of \ and ^ the water-holding capacity, which previously had been 
air-dried and then brought to the desired water content. 

6. Field soils having water contents of 6 per cent, in one case and 
4 per cent, in another corroborated the laboratory experiments. In all 
of these samples active Cercomonas were found, other protozoa being 
present only in the form of cysts. 
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The Insects of Australia and New Zealand. By R. J. Tillyard. Pp. 
xi + 560, with 44 Plates and 468 Text-figures. Sydney: Angus and 
Robertson, 1926. 

l)r Tillyard ia one of the moHt prolific and original entomological investigators of 
the present generation and it is seldom that he is unable to shetl some fresh light or 
new interpretation on whatever problem he may be engaged. Those who look for 
originality in the present textbook will have little cause for complaint and, although 
intentled primarily for sturlcnts in Australia and New Zealand, it contains much that 
will appeal to a wider circle. The author's intimate knowledge of the insects of those 
two lands rcndera him well (|ualific*d for his task, and his wide knowledge of under- 
l^fing principles luis enabled him t»o prodiuic a vohime far above th(^ level of a faunistic 
handbook. 

The iMJok luis bctui w holly s<‘t up and printed in Australia and the result is excellent. 
'Hie tyjie is clear and there is a wealth of mostly original illustrations. Of the 1251 
se|)arate figures, 20.‘1 ar(‘ coloured and are reprofluccfl on plates. On the whole these 
coloumi illustrations serve their purpose admirably and enable the 8peci(‘8 thus 
port rayed to l>e easily rc'cogniscd. Great cnxlit is due to Mrs Tillyard’s skill in drawing 
the originals of so many of the plates. Another pleasing feature of this volume is the 
small number of misprints or othiT typographical errors. 

The arrangeineiit ()f the subject-matter is in the form of chapters; six of the latter 
are of the nature of generalities, while the remaining 24 chapters arc* each devoted to 
a separate order of iiiM'cts. In the space at eornmand it is only possible to comment 
here* and th(*re on the most important secdions of the book. The general classification 
ghen in Gbap I oITcts little .seo|K* for entieism. Dr Tillyard divides the Insecta mto 
24 orders and wisely ri'jeets tlie niodc*rn phirahstie timdeneies which recognise as 
separate onlers groups of no higher than suh-ordirial rank. The Anoplura arc held to 
ineiiide the Maliophagn t(» which they are ehisely related: the author, however, has 
some doubts resjM'cting the onlinal value of the Zoraptera w’liich might quite well 
have lKH»n merged as a division of his (\>jKM>gnatha. The evidence for the Zoraptera 
lK‘ing scM’ial, rather than .^iinply gregarious in habit, rest^ on very slender evudencc. 
Chap. JI deals w4tb external morphologv and can Ik* r(*commcnded as one of the best 
introductions to the subject that i.s available. Exception, however, must Ik* taken to 
the author d(*signalmg the dorsal and ventral plates of the alKloimnal segments as 
tergilos ami sternit<^, rather than using the established Utius terga and sterna re- 
spcjetivel\ . Dn p. 10. with reference t o segmentation, 1 )r Tillv ard com*ctly defines the 
tergittw iis the separate sclerites of a tergum and tin* stcniites as the seleritt*s of a 
Hternum. Chap. Ill dealing with internal anatomy is naturally brief in a work of 
this descrijition: tlu* aiitlior is evidently not at his be^ in discussing this subject and 
not entirely aeciiratt* as regards matters of physiology. The subject of Life History 
forms ('hap. 1\' and iiielude.s the essential facts of metamorphosis in so far as external 
changes are concerneil. The immature forms of all metabolous insects are termed 
larvae, the author objecting to the word nymph, in the ease of the Hemimetabola, 
as being unscientific and there is a good deal to be said in favour of his view. Chaps. 
V, VI and VIl are coni'ernetl with the Thysanura, Protura and Collembola respec- 
tively. With reference to tlie Thysanura, an error has crept in regarding the spiracles. 
The author gives “7 or 8 pairs" for this order whereas there are 9 pairs in the Machi- 
lidae, 10 pairs in Projapyx and the Lepisinidae, and 11 jiairs in certain species of 
Japyx. In the Campodeidae, Dr Tillyartl states that spiracles are absent, but as a 
matter of fact, there are three pairs in Campodea. It is difficult to agree with his 

17—^2 
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reasoning with regard to the styli associated with the two hind pairs of legs being 
homologous with epipodites. The latter structures in Crustacea are borne on the 
coxopodite (sub-coxa in Machilidae) whereas in Mfichilia they are carried on the 
basipodite or coxa which suggests that they are the homologues of exopodites. Chap. 
VIII is devoted to the Plectoptera or May-dies and in this account the author has 
incorporated his recent researches on the venation which have shed fresh light upon 
its interpretation. The Odonata ((/hap. IX) are discussed in quite a masterly fashion 
and the intricacies of their morphology very clearly explained. Chap. X provides 
an excellent guide to the Orthoptera which are abundantly represented in Australia. 
The Isoptera or Termites follow and mth regard to these insects it is unusual to find 
an up-to-date writer adhering to the idea of the existence of neoteinic royal forms. 
Recent work demonstrates the probability that such castes are true odults in a brachy- 
pterous or an apterous state as the case may be. The Perlaria or Stone-flies (Chap. 
XIII) form a short section, but Dr Tillyard has made good use of the primitive forms 
of the Southeni Hemisphere in w^hat he has to say respecting these insocts. The 
Ckipoognatha or Psocoptera (("hap. XVI) have come in for overhauling and are re- 
group^ on more rational lines in the light of the authors oun discoveries among 
the Lower Permian fossils. Passing on to (^hap. XIX, the Herniptera, there will be 
found an excellent account of an order of great economic importance. The stumbling- 
block of a satisfactory classification of the Fulgoroidea has been overcome with help 
from Mr F. Muir, and this feature is a valuable aid to the identification of the nu- 
merous species. The long chapttT on Coleoptera is well justified since there are over 
21,000 species of the order in the two lands concemcKl. The family Curciilionidae 
heads the list in sheer number of forms and some very remarkable* representatives 
are figured. Mention needs also to be made of the curious Longicorn Tillyardta and 
the interesting figure shov ing its remarkable pectinate palpi, ("hap. XXII, on 
Hymenoptera, is unique in that the author has done good service in clearing up the 
greatly involved vein-nomenclature that has so long bfjen a drawback. By applying 
the results of his studies on Proiohijmev and other types he has been able to simplify 
the Comstock-Needham system as applied to those inset^ts and reduce its apparent 
anomalies into an orderly system. The rich Neuropierous fauna of Australia is well 
indicated in the chapter concerned and a number of little known larval types are 
figured. In treating of the Diptera, that group is subdi^id(xi into two main sections 
— the Nematocera and Brachycicra. This somewhat heterodox arrangement is a 
welcome step over the more usual system ami is in conformity w ith what w iis probably 
the primitive dichotomy of the order. The account of the ptilinum is somewhat 
obscure, and on p. 334 this organ is mentioned as lying within a cuticular “infolding** 
known as the frontal lunule. On this explanation it is ciifticult to imagine how so 
large an organ as the ptilinum <jan be evaginat«*d fn)m beneath w’hat is apparently 
a hard sclerite, since no mention is made of the extensive 0 -shaped frontal suture 
through which the ptilinum is usually regarded as being expelletl. On p. 365 it is 
stated that the frontal lunule and ptilinum arc absent in the Syrphoidea. I'his is 
scarcely correct since the lunule is clearly demarcated in the Syrphidae and in some 
cases at least a functional ptilinum occurs, even though it may not persist. It appears 
from these remarks that the author may have confused the frontal lunule with the 
frontal suture which is wanting in the Syrphoidea or at most but meagrely develope<l. 
The chapter on Lepidoptera is perhaps one of the best ever w'ritten in a general 
textbook. The classification presented is a new oiui based on the work of Turner 
and is evidently designefl to overcome the outstanding difficulty of grouping the 
large number of families into rational major divisions. The super-families adopted 
bring together, in many cases, in natural association closely related families and in 
this respect marks an advance on existing systems. The volume concludes with an 
excellent chapter on the fossil insects of Australia and New» Zealand and a useful 
section on entomological technique. There is also a glossary of technical terms used 
and a very complete index of subjects and authors. The bibliographies are supplied 
at the end of each chapter concerned and include the essential literature, especially 
works of a taxonomic character. 

A scholarly book of this character will prove a great stimulus to entomology in 
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the ^tipodes. It is no sraall problem to survey a fauna comprising over 40,000 
specif, note practically all the important genera and diagnose over 400 separate 
families. Jlr Tillvard carried out his task with conspicuous success and the few 
errors here noted fade into insignlKcanee in face of the essential merits of the whole 
work. 

A. D. IMMS 

The Aspergilli. By Chaules Thom and Margaret B. Church. Bailliftre, 
Tindall and Cox, 1920. 22,s*. Od. 

The volume is dividcMl into two fK)rtions, a general discussion and a detailed 
taxonomic study. Part one commences with a history of the genus, its morphology, 
and a discussion of the basis of description and classification. Culture methods are 
described and this leiwls to chapters on the physiology and biochemistry of the genus, 
more particularly enzymic and fermentative activities in relation to industry, and 
finally to Aspergilli in relation to animal disease. Part tA^o deals with the nomen- 
clature of the genus and its division into groups and contains full descriptions of 
individual species and doubtfully related forms. The volume concludes with a 
synoptical key to the Aspergilli, a list of sixty-six accepted species, eight and a half 
pages of references and an index. There are also fourteen text-figures and four plates 
of micro-photographs. 

The Imok is somewhat uneven in treatment. The discussion of morphology and 
cytology might [Kir haps be improved, whilst on the otlier hand the chapters on phy- 
siology are quite ina,sterly summaries. The value of the detailed taxonomic portion 
can only be judgeil by its use in practice, but the ke>8 have been tried out on a number 
of soil Aspergilli in culture and found extremely convenient ami critical. The biblio- 
graphy is not arrangt‘<l alphabetically but according to textual reference which some- 
what detracts from its convenience. Also it is not so eomi)lete or up-to-date as might 
be desired. Apart from the use of the more unusual form of certain words such as 
‘‘somlier," ’'moUusk," “vigor’’ and “color” the language is extremely clear and 
unambiguous. It is a pity that the building of the volume is not stronger--- of four 
copies that 1 have seen, pages art' already loose in three, and this is a serious matter 
in a book that is e.s8entially for constant use in the laboratory. 

Any small criticisms, however, sink into insignificance lieside the thanks that aU 
micro-biologists must give t-o the authors for producing this monograph. No more 
dithcult task could hava* lieen attempted, and that Dr Thom and Miss Church had 
the courage to assay it and carry it through to so successful an issue puts all students 
of the culture of micro-organisms in their debt. 

WILLIAM B. BRIERLEY 

Potato Varieties. By R. N. Salaman. Cambridge University Press, 
1926. 25s. 

This book is one of the, most refreshingly original volumes that have appeared 
for some time. It is an intensely personal book, bemg in no sense an impartial and 
complete compilation of other pt'ople’s views on the subject but the writing down by 
Ur Salaman of Dr Salaman’s views, the results of Dr Salaman’s investigations and 
the accumulated wisdom and expiTienco of Dr Salaman’s two decacies of interest 
and research on the problems. There are very obvious lacunae in the book — indeed, 
even as a treatise on potato varieties, it is quite incomplete — and one can only feel 
glad that the author has resisted the temptation to fill in these gafM with second- 
hand knowledge for the sake of completion. Sooner or later they will come within 
the scope of Dr Salaman's personal work, for he has amazing energy and is almost 
omnivorous, and one looks forward to successive editions in which his personal 
observations on these issues also will be given. As it is the book is packed full of 
hand observations, acute suggestions and facts impossible to obtain elsewhere, all 
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dealing with topics selected by their appeal to Dr Salaman's interests, but of primary 
importance to all dealing with agricultural plants. 

The wide-ranging character of the work will be appreciated by the chapter head- 
ings which are as follows: (I) The definition of a potato variety; (ll) Historical sketcli 
of the development of present-day varieties; (III) The life of a variety; (IV) The 
methods of producing new varieties; (V) The application of genetics to variety 
raising; (VI) The technique of hybridization; (VII) The classification of varieties; 
(VIII) Classificatory guide; (IX) Correlations or linkages; (X) Varietal differonccjs of 
maturity; (XI) Tlie yield or crop of th(» potato, and the genetic*, factors affecting the 
same; (XIT) The yield or crop of the potato and the environmental factors affecting 
the same; (XTII) V’^ield trials; (XIV) Varietal differences in the production of ware; 
(XV) Varietal differences and their basis in chemical and histological characters of 
the tuber; (XVI) Differential histological features of the tuber; (XVTI) Varietal 
resistance of disease; (XVllI) X'irus ciiseascs and varietal rc'aistance to their infec- 
tion; (XTX) Degenerative diseases of unknown origin; (XX) Varietal differences in 
respect to extremes of temperature; (XXI) The adaptation of varieties to 8i>ec;ial 
conditions of soil and climate; (XXII) Synonymity; (XXII I) The leaf index; 
(XXI V) Varietal descriptions; (XXV) ("ommon employment of the varieties descrilied ; 
(XXVI) Descriptions of varieties with their history and synonyms. In addition, 
there are three appendices, one by Mr VV. H. Parker on Yield Testing, a Bibliography, 
an index and a detailed Contents. 'Phe mere citation of the contents hc^adings sho'ws 
the range of the hook. Many of the chapters, however, are very short, two or thrc'c 
pages only, but others dealing with problems, where the author is more* at liome, are 
f idler, that on variety description for example', running to ovct BK) pages. 

Hardly anyone, least of all the author, could carry out active expi'rimental 
research on a congeries of such important problems for nearly two decades without 
accumulating a vast amount of valuable general cx|MTienc(‘. Wry often such general 
experience is of a kind that cannot be includi'd in formal research pajicrs, esjK'cially 
in these days of compression, and usually therefore* is lost to all other workers on 
the problems. In the present volume, how'cvcr, the author hiw created his opfsir- 
tunity and produced a book which is at once notable largely because it is charged so 
richly with this general experieruje. 

The vigorous personality of Dr Salaman runs through ev'cry page, at times in a 
most amusing manner. Thus his very first sentence rides roughshiMl o\cr all philo- 
sophical adumbrations on problems of individuality and race, and, of one of the most 
contentious examples, asserts bluntly “no matter how it may have liecn produced, 
the fact must never be overlooki'd that a variety is m reality an indi\idual and not 
a race.” This intensely jicrsonal standpoint is mamtaineiJ throughout and adds 
greatly to the enjoyment of reading the volume. The hook is beautifully produced 
and illustrated by ten plates, of w'hieh three are in colour, and is a voliiiiu' that should 
be readily available to all fetud<*nt8 and research workers in agriculture and botany. 


WILLIAM IL ffRlERLEY 
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ASSOCIATION OF ECONOMIC BIOLOGISTS 

REPOKT OF THE COUNCIL FOR THE YEAR 1926, PRESENTED 
TO THE ANNUAL MEETING, JANUARY 28th, 1927 

No important change in th(‘ style of the proceedings was maiie last year; six rawtings 
devoted to jmpers and discussions were held at the Jmf>erial College of Science to 
whose authorities the Council again desires to express its sincere thanks for the 
facilities afforded to the Association. The.se meetings were attended not quite so 
fully as might have been expected considering the numlier of members who live 
witliin easy distance of I^ondon. and the Council hope that greater enthusiasm may 
be shown in the ensuing years. 

The Annual Provincial Mt'ciing was to have been held at the Long Ashton Horti- 
cultural Institution but the industrial upheaval came along just when all the pre- 
parations for the meeting had bt‘en made, and the difticulty of railway transjwrt 
was so great that it was deciiled to cancel the meeting. The (‘ouncil desire to express 
their thanks to the Vice-Chancellor of Bristol University and to Prof. B. T. P. Barker 
and his colleagues for the trouble they had taken in preparing for the meeting and 
to rt'cord their hojK‘. that the invitation to visit this Institute may be ronewerl at some 
early date. 

The Summer Meeting was held at the Research Station at dieshunt and thanks 
to the excellent organisation of the Director, Dr W. F. Bewley, a very profitable 
and enjoyable day was a|K»nt there. 

The (\nincil grievously laments the loss it has sustained in the death of one of 
its members, I’rof. F. W. (hunble, whose place has been taken by Dr J. \V. Munro. 
During the year the Association has last four tiieraber.s b\ death, ten members have 
n^signed and ten new members have been added to the* Roll which now stands at a 
total meinbershij) of 229. 

The Council desir(\s to make known that it has decided that steps shall be taken 
in the near future to register the Association under Section 2t) of the Company's 
Consolidation Act of 1908, a step wliich in the opinion of the Council will be of benefit 
to the Association. 

J’apcjrs reiid to the Association during the year 1920. 

Jan. 29. l^of. V. H. Blackman, l^residenlial Address: “Recent Work in Plant 
I’athology and its relation to Applied Botany.” 

Feh. 20. H. V. Tayxok: “The Importance of Applied Botan> to Modem Fruit 
Crowing.” 

Mar, 20. Lord Lovat: “Forestry in Relation to Science — ^The National Economic 
Aspects.” 

Professor A. W. Burtiiyvick: “Forestry in Relation to Science — ^The 
Points of Contact of Forestry and Economic Biology.” 

Oci, 22. K. 0. Hatton; “The Influence of the Root Stock on the Vigour, Produc- 
tivity and General Behaviour of the .Apple Tree.” 

Nov, 12. C. L. WiTHYCOMBE; “The Sugar-Cane Frog Hopper l^oblem in Trinidad, 
a study of its Faei-ors and ftineiplos of Control.” 

Dec., 10, A. J. Rikek: “Studies of Crown Gall and Wound-overgrowths on Apple 
Nursery Stocks.” 

H. Wormald; “Crown Gall with reference to its occurrence on Fruit 
Stocks in this Country.” 
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REPORT OF THE HON. TREASURER FOR THE 
YEAR 1926, PRESENTED TO THE ANNUAL MEETING, 
JANUARY 28th, 1927 

The annual statement of tlie accounts of the Association for the year ending 
December Slat, 1926, is set out on p. 261. It has been our custom in the past to 
meet the expenses of the previous year’s volume of the Annals of Applied Biology 
out of the revenue of the current year. This has been inevitable owing to the lateness 
in the appearance of the last part of the current volume for a number of years in 
succession. For the last two volumes this disadvantage has been largely eliminated 
and it is hoped in the near future to pay the expenses incurred by each volume out 
of the revenue of its own year. In order to make this adjustment it will be necessary 
to pay for two volumes out of a single year’s income for one year only, but once this 
is accomplished the recurrence of the difliculty is not anticipated. 

During the year 1926 current subscriptions amounted to £252. 14^. 2d. as compared 
with £220. 9#. Od. for the previous year. Special eflForts have been made to urge 
prompt payment of the annual contribution to the Association and the response 
thereto has left little cause for complaint. At the same time a great advance has 
been made in the payments of arrears, £54 has been received under this category as 
compared with only £7. 10.9. Od. for 1925. 

The working expenses of the chief charge on the Association, viz. the Annals 
of Applied Biology^ have been considerably lower for vol. xii than for the volume for 
the previous year. This reduction is entirely duo to an increase in revenue derived 
from the sale of that volume and of back volumes and parts. The amount required 
to meet the publishers’ charges for vol. xn is £126. ID. 9d. as compared with £303. D. Od. 
for vol. XI. Allowing for the cost of vol. xin which is to l>e met out of our 1927 
revenue, our assets exceed our liabilities by £622. 3^. 9d., of which £574. 2s. 5d. are 
represented by cash as is shown in the balance sheet. 

A. 1). IMMS, 

Hon. Treasurer, 
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TREASURER’S STATEMENT FOR THE YEAR 
ENDING DECEMBER 31st, 1926 


CASH ACCOUNT. 


Cr 

£ 

it. 

d. 

1 Dr 

£ 

8. 

d. 

Jan. 1. Gash at Bank 

70 

8 

0 

Postage 

6 

5 

6 

Dec. 31. SuVwcriptions; 




Stationery and minor printing 

8 

16 

11 

A. Current . 

2r>2 

14 

2 

Treasurer 

136 

17 

8 

B. Arrears . 

54 

0 

0 

Sc'cretaries 

6 

19 

6 

(\ Advances 

12 

10 

0 

Balance at Bank .... 

71 

13 

3 

Entrance PVs . 

4 

4 

0 

Placed on Deposit .... 

200 

0 

0 

Contributions to cost 








of papers in Annals 

28 

12 

0 





Bank Interest 

7 

17 

8 





Total 

£430 

12 

10 

Total 

£430 12 

10 
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? SHEET. 




Liabilities. 



1 

.Assets. 





£ 


d. 


£ 

8. 

d. 

Subscriptions in advan<*e . 

12 

10 

0 , 

Current a/c 

71 

13 

3 

Liability on Annaift, vol. xiii 
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ON FORMS OF THE HOP RESISTANT TO MILDEW 
{SPHAEROTHECA HU MU LI (DC.) BURR.); 

VI. LOSS TEMPORARY OF IMMUNITY 

By Prof. E. S. SALMON. 

(Mycological Department, South^EasU'tn Agricultural College^ Wye, Kent.) 

During 1926 a case was observed where three varieties of hops (Humulus 
Lupulus) which had previously shown complete resistance to the attacks 
of the ‘‘powdery mildew” SphaerotJteca Humuli lost, temporarily, this 
immunity. The details concerning each variety will first be given sepa- 
rately and then the factors possibly concerned with the loss of immunity 
will be considered. 

Variety 1. The Golden Hop. 

Origin. The exact origin of the Golden Hop — a horticultural variety 
used for decorative purposes - is unknown, but it appears to have 
originated on the (kmtinent ((i). p. 293). 

Etndenee as to Immunity. Plants of this variety, grown in pots in an 
unheated greenhouse, were* first tested in 1916 and were found to be 
completely resistant to the attacks of the mildew. Details of the ex- 
periments have already been given ((3), p. 88). Further inoculation 
experiments to test its immunity were carried out in 1917, and some of 
these, as was then stated ((2), p. 89), took place “under abnormal 
weather conditions, when rapid changes of temperature occurred.” No 
infections resulted and the conclusion was reached that “the abnormal 
weather conditions had no effect upon the immunity” of this variety. 
It 'was again tested in 1918 and 1919; 47 plants in pots were repeatedly 
inoculated throughout the growing season and remained persistently 
immune ((t), p. 296). 

Partial break-down of Immunity in 1926. In the spring of 1926, the 
mildew was found for the first time on the Golden Hop. The material 
affected consisted of (a) old and (ft) young plants, and the details ob- 
served were as follows. 

(a) By April 28th, a plant of the Golden Hop which has been grown 
in the greenhouse for a number of years, had produced a shoot 8-5 cm. 

Ann. Biol, xiv 
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long, with six pairs of leaves. At this date one leaf at the 2nd node 
from the tip bore two minute ‘'powdery” patches^ of the conidial stage 
of 8 , both situated on the extreme margin of the terminal lobe 

(one on each side) and near its base. On May l()th, by which date the 
shoot had not elongated, owing to the weather conditions, the two 
minute powdery patches were persisting but had not appreciably in- 
creased in size; a third minute, densely powdery patch had appeared 
on the lamina of the same leaf, at a place opposite and close to one of 
the sinuses at the base of the terminal lobe. Further, a very minute 
powdery patch was present on a leaf at the next node above. 

All the above-described patches remained powdery for some weeks 
without noticeably increasing in size, and then slowly died away. No 
further infection of this plant occurred. During May and June the shoot 
grew to several feet in length, and other shorter shoots appeared. 
Although the plant was kept in the greenhouse throughout the season, 
exposed continually to infection by conidia blown on to it from a large 
number of adjacent mildew-infected hop plants, all the leaves remained 
healthy, just as they had invariably done in previous seasons. 

Table I. 


Bate 

of 


licngth of 
shoot 

No. of 
pairs of 


exam. 

Pot 

(cm.) 

leaves 

Condition 

Apr. 28 

1 

15*5 

0 

All healthy 

May 11 

1 

18-5 

8 

Two leaves, both at the 4th node from tip, with 
three minuU' j)owdt*ry patehes, the largest 
measuring 1x1 mm. All the pa tithes were near 
the edge of the leaf 

Apr. 28 

2 

14-4 

0 

All healthy 

May 11 

2 

300 

9 

All healthy. One now shoot, 6 em., four iwvirs 
leaves, all healthy* 

Apr. 28 

3(fl) 

6-5 

3 

All healthy 

May 11 

3(a) 

11*5 

6 


Apr. 28 

3(b) 

2-5 

1 

»» 

May 11 

3(6) 

6-5 

3 

ft 

Apr. 28 

4 

13-5 

6 

t> 

May 11 

4 

180 

8 

One veiy minute powdery patch at margin of 
one leaf at the 4th node from tipf 

Apr. 28 

5 

9‘0 

5 

All healthy 

May 11 

5 

100 

0 

One minute powdery patch on a loaf at 2nd node 
from tip 


* This plant was used in Exp. 6. (See p. 271.) 
t This plant was used in Exp. 1. (See p. 265.) 

^ The term “powdery” patch is used to denote the appearance ^iven by densely 
clustered conidiophores which have produced a powder-like mass of conidia. 
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(b) The material consisted of five pots of cuttings of the Golden 
Hop taken in the previous autumn from a plant (Ref. No. 288) growing 
in the Experimental Hop Garden at Wye College. Examination of the 
plants on April 28th and onMay llth gave the results shown in Table I. 

The powdery patches did not increase appreciably in size, and died 
away in the course of a few weeks. All the plants grew normally and 
produced by early summer vigorous stems several feet in length; the 
leaves of these, although exposed repeatedly to inoculation in the green- 
house, showed the complete immunity which had been observed in 
previous seasons. 

Inoculation Experiments ivith the Golden Hop, In three experiments, 
leaves were inoculated^ with conidia from various sources. 

Exp, 1. May Slli. One of the plants (pot 4) noted above, was used; two leaves 
(just expanded) at the 3rd node from the t.p w^re inoculated with conidia, each 
at thr(‘o markiHl placets * one leaf, from the mildew j,Tow'ini; on a verj’^ susceptible 
so(‘<lIin>( hop (Hcf. No. 18) and the other, 6, from the mildew on another susceptible 
seedling of unknown origin. On May I3th leaf a showed a very minute cluster of 
conidiophores at one place of inoculation. No further grow'th of the fungus took 
place on this leaf. On Ma 3 ’ J7th leaf b showed at one of the marked places a very 
minute powdery patch and also, near by, a cluster of five conidiophores. On Maj’ 20th 
another very minute powdery patch had appeared near the margin of the leaf. By 
May .‘list the older patch luwl died away. By June Kith all the mildew^ patches had 
died awa^' on the inoculated leaves, and the 22 leaves produced by this date above 
the inoculated leaves were all health 3 ^ The plant was then placed in a greenhouse 
among })lants covered with mildew where it was exposed continually to infection; 
it remain(3d, however, persistently immune. 

Exp, 2. May I2:h. One of the plants (pot 3) noted above was used; one j^oung 
leaf at the 2nd node from the tip was inoculated with conidia of the mildew 
grow'ing on the seeiiling hop of unknown origin referred to above. Conidia from the 
same source were also placid at the same time on a similarlj" situated leaf of the 
very susceptible seedling B 18. The “control” leaf at the same node, of each plant, 
was moistened with water. Nine daj's after inoculation, the leaf of B 18 was fullj’^ 
infected, while no infection occurred on the Golden Hop. The same results were 
visible on the 21st da 3 ^ The two ‘‘control” leaves remained free from mildew. 

Exp, 3. May 1 7th. One of the plants (pot 2) noted above w as used. One leaf at 
the 3rd and 4th nodes were inoculated with conidia from the seedling hop of unknown 
origin. (Conidia from the same source were also placcil at the same time on two 
similarly situated leaves^ of a cutting of a “w'ild” hop w’hich was growing in a pot. 
The four opposite “control” loaves w’ere treated wdth water. By May 25th the 
leaves of the “wild hop” w'ere fully infected, being covered w'ith mycelial growth 

The method of intu'uhition consiatiMl in inoistciiiiig tlu’ siiifaoc of the leaf wuth 
diatilhd water and placing conidia therein. In a short tune the waU'r evaporated and left 
the conidia deposittni on the leaf. 

■ Both the inoculated leaves at the 3rd node wert* only jiartl^’ expanded. 


18—2 
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bearing densely clustered conidiophores; the control leaves were free from mildew 
No infection resulted on the inoculated leaves of the Golden Hop, Very surprisingly, 
however, on May 31st a few minute clusters of conidiophores, the result of infection 
from some unknown source, were apparent at the edge of one leaf at the 5th node, 
and also towards the middle of the control leaf at the 4th node. By June 16th all 
the patches had died away. No infection took place otherwise on the 16 leaves 
produced above the inoculated leaves. 

In a series of experiments, the details of wliich are given in a paper 
published in the present number of the Annah (see below, p. 280) 
scions of the Golden Hop, grafted on a ‘^wild hop” stock, were inocu- 
lated with conidia. In two experiments very slight infection resulted, 
with the production of a few conidiophores; in six the leaves proved to 
be immune. The dates of the inoculations in the first two experiments 
were April 29th and 30th; of the cases where negative results were 
obtained, May 5th, 10th, 19th, 25th. The grafted shoots of the Golden 
Hop grew vigorously and by early summer had reached a length of 
several feet; the plants, after resisting inoculation by hand, were placed 
in a greenhouse and exposed to continual infection for several weeks, 
and all remained persistently immune. 

It is clear from the facts given above that there was no general 
breaking down of the immunity of the Golden Hop throughout the 
growing season in 1926, but only a manifestation of a slight and tem- 
porary susceptibility at a certain period. 

Variety 2. The Seedling Hop, Kef. No. X 91. 

Origin. This seedling was raised at Wye College in 1917, the female 
parent being the Golden Hop and the other an unknown English male 
hop. 

Evidence as to Immunity. Two cuttings, taken in 1919, were grown 
in pots in 1920 in a greenhouse and remained immune although exposed 
to continual infection throughout the growing season. 

Partial breakdown of Immunity in 1926. The material on which 
observations were made consisted of 13 cuttings in pots, taken in 1925 
from three clone plants (Ref. Nos. OG 9, OH 3, 01 34) derived from 
the original plant of X 91 in the Experimental Hop Garden at Wye. 
These plants, stationed in a cold greenhouse, were examined on April 28th 
and May 11th with the results shown in Table II. 

The powdery patches did not increase appreciably in size after 
May 11th, and very gradually died away. The conidia produced did not 
apparently cause further infections of the plants. During May and June 
the shoots of all the plants grew to several feet in length and although 
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Table II. 


JDato 


Length of 

No. of 

of 



shoot 

pairs of 

exam. 

Plant 

(em.) 

leaves 

Apr. 28 

OGU 

(1) 

3-5 

4 

May 11 



8-5 

0 

Apr. 28 


(2) 

10 

3 

May 11 



8-r> 

3 

Apr. 28 

>> 

(3) 

4*5 

5 

May 11 



5o 

0 

Apr. 28 

OH :j 

(1) 

30 

2 

May 11 



80 

3 

Apr. 28 

)> 

(2) 

50 

3 

May 11 



10 5 

5 

Apr. 28 


<3)(«) 

8-0 

4 

May 11 



220 

7 

Apr. 28 

»» 

(b) 

70 

4 

May U 



130 

0 

Apr. 28 


{*) 

3‘.j 

2 

Mh> 11 



loo 

4 

Apr. 28 

tf 

(•■■>) 

0 0 

3 

May 11 



12 0 

5 

A])r. 28 

»» 

('••)(«) 

15 

2 

May 11 



100 

4 

Apr. 28 


(b) 

4-5 

I 

May 11 



12 5 

3 

Apr. 28 

»» 

(7) 

0*5 

2 

May 11 



27 0 

4 

Apr. 28 

01 34 

(1) 

8 5 

3 

May 11 



27 0 

6 

Apr. 28 

>> 

(2) 

10 

3 

May 11 



2-5 

4 

Apr. 28 

»» 

(3) 

1*5 

2 

May 11 



30 

3 


Condition 

Ono leaf with two minute powdery patches 
Five leaves with small jxiwdery patches, two 
densely powdery, 4x2 and 2x2 mm. 

Jl(‘althy 

One leaf with powdeiy patch; lateral shoot 
with two paii-s of leaves, young mildew 
patch on two leaves 

Three leaves with minute powdery patches 
As on Apr. 28 

Healthy 

Thivc* leaves with weak powd(*ry patehes 

Tw'o leaves with powdery patches, ono 
measuring 4x3 mm. 

Five leaves with powrdeiy patches up to 4 mm. 
diam.; powdciy patch on stem 4 mm. long 

Tw'o leaves with pow'dery patches 
Five leaves with powdeiy patches 

Two leaves with {lowdcry patches, ono 
measuring 5 a 4 mm. 

Four leaves with powdery patches, including 
ono W'lth eight patches, 2x2 mm. or less 

One leaf with minute fxiwdery patch 
Four leaves with small powdery jiatchcs 

Healthy 

Two leaves with small pow’deiy patches 
Healthy 

Four leaves w ith small pow^deiy patches 
Healthy 

IVo leaves w ith small pow'dery patches 
Healthy 

lSi\ leaves wdth small powdery patches; one 
leaf at lowest node with 17 minute powdery 
patches 

One leaf with tw’o {K)wdei> patches; stem 
below Ist pair of le.ues encircled by 
powdeiy patch 2 mm. long 
Four leaves with powdery patches; patch on 
stem still powdt‘iy; powdi-ry patch on 
jietiole of one leaf 

Healthy 

One leaf with jiow’deiy patch, 2 mm. diam. 
Healthy 

One leaf with young mycelial patch 


surrounded by mildewed plants in the greenhouse under conditions 
which ensured frequent inoculation by conidia, they all remained per- 
sistently immune. Here again, there appeared to be only a strictly 
limited period of susceptibility during which infection could take place. 
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Table III. 

Bate 

of 

Length of No. of 
shoot pairs of 


exam. 

Plant 

(cm.) 

leaves 

Cotnlitiou 

Apr. 28 

310 (l)(u) 

7-0 

3 

One leaf with minute |X)wdeTy paUdi 

May 11 

00 

4 

Two l(*ave8, each with minute jiowdery 
patches 

Apr. 28 

(6) 

5-0 

3 

One le^if with minute' powdery ])atch 

May 11 


7-0 

4 

One leaf with thiw minute powdery patches 
at margin 

Apr. 28 

(2) 

40 

4 

Healthy 

May 11 


4*0 

4 

»♦ 

Apr. 28 

(3)(«) 

90 

5 


May 11 


140 

0 

One leaf with two minute, scarcely pow'dery, 
paU'hes 

Apr. 28 

(A) 

8-0 

4 

Healthy 

May 11 


120 

G 

»» 

Apr. 28 

„ (4) 

(>•0 

3 


May 11 


10 0 

G 

>* 

Apr. 28 

(5) 

100 

4 

One leaf with wry minute |M»w'dery patch 

May 11 

ior> 

5^ 

l.i(*aves healthy; minute fanidery jiatch dying 
aw'ay 

Apr. 28 

„ (0)(n) 

8-0 

3 

Healthy 

May 11 

190 

4 

One leaf with very minute powdery patch 
at margin 

May 11 

(*) 

3-5 

2 

Ht'althy 

Apr. 28 

OJ 12(1) 

6-0 

4 

♦> 

May 11 


80 

5 

♦» 

Apr. 28 

(2)(«) 

140 

3 


May 11 


240 

5 

Two leaves each with tliree slightly powdery 
patches 

Apr. 28 

{<>) 

100 

«> 

Healthy 

May 11 

194) 

3 

One liaf with weak powdery patch 

Apr. 28 

(c) 

4-0 

2 

Healthy 

May 11 


70 

3 


Apr. 28 

(3) (a) 

70 

4 

» 

May 11 


9*5 

5 

rf 

Apr. 28 

(*) 

;jo 

2 

tf 

May 11 


6*0 

4 

ft 

Apr. 28 

.. (4) 

9*0 

5 

tf 

May 11 


11*0 

G 

tt 

Apr. 28 

.. (5) 

0*5 

3 

tt 

May 11 


8*0 

5 

rt 

Apr. 28 

(6) 

10*5 

4 

tf 

May 11 


290 

7 

One leaf (at the 2nd node from the basi') with 
a yellowish area where a weak growth of 
scattered eonidiophores occurred* 


* The term “sub-iiifoction” has been uaed to denote crhoh in which inoculation is 
followed by the production merely of a few scattered oonidiophoros. See (7) (8). 
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Vabibty 3. The Seedling Hop, Ref. No. 310. 

Origin. This is the same as that given above for the variety X 91. 

Evidence as to Immunity. Four cuttings taken in 1919 were grown 
in pots in 1920 in a greenhouse where they remained immune, although 
continually exposed throughout the growing season to inoculation by 
conidia from surrounding mildewed plants. 

Partial breakdown of Immunity in 1926. The material on which 
observations were made consisted of (1) six cuttings in pots taken in 
the autumn of 1925 from the original plant of Ref. No. 310, and six 
cuttings in pots of the “clone plant,” Ref. No. OJ 12, both growing in 
the Experimental Hop Garden at Wye College; and (2) eight rooted 
plants raised at East Mailing during 1925 from cuttings taken from the 
clone plants of Ref. No. 310 growing at the Research Station, East 
Mailing, and transferred to pots at Wye during the winter of 1925. 
Both (1) and (2) were kept in an unheated greenhouse at Wye during 
the winter of 1925-6 and the spring and summer of 1926. 

(1) The examination of these plants on April 28th and May 11th 
gave the results shown in Table III. 

(2) These plants were examined only on April 28th, with the fol- 


lowing results: 

l-ionutb of 
Hhuot 

No. (»f 
pairs of 

Table IV. 

Plant 

(cm.) 

leavi*« 

Condition 

310(1) («) 

55 U 

12 

Ono loaf (at 7th iiotle from tip) with very minute 
pciwdory pateh 

(!>) 

150 

0 

One loaf (at 3nl nodu from tip) with large powdery 
jMiteh 

.. (2) 

900 

— 

All loaves healthy* 

.. (3) 

900 

— 

Largo, very powdery patch (4x4 mm.) on one leaf 
(5th node) 

(4) 

SOO 


Powdery patches on two leaves (4th node) 

.. (■») (n) 

HM)0 

— 

All leaves healthy 

{<>) 

(K)0 

— 


.. (0) («) 

(MH) 

— 

»♦ 

(6) 

200 

— 


.. (7)(<0 

00-0 

— 


(6) 

:^o-o 

— 

»» 

.. (8) 

300 

* 

Tlu» plant 

Two leaves (at 2nd node from the base) each with 
u small powdery patch 

was uskkI in Exp. 7. (See p. 272.) 


The plants of (1) and (2) were kept through May and Juno in a 
greenhouse where they were exposed constantly to infection by conidia 
from contiguous plants covered with the mildew. No further infections 
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resulted. Here again, for the third time, the phenomenon of suscepti- 
bility was only temporary. 

In one set of grafting experiments (see below, p. 281) scions of the 
variety 310, grafted on two different stocks, were inoculated, on May 28th 
and June 8th, with conidia taken from the very susceptible seedling hop, 
Ref. No. B 18. No infection resulted. In another set of grafting ex- 
periments, the variety 310 was used as the stock with grafts of a “wild 
hop.” Inoculations on May 18th, June 3rd and llth.with conidia taken 
from B 18 resulted in full infection of the grafts, while the leaves of 
310 proved completely immune. The grafted plants were placed in the 
greenhouse where they were exposed to constant inoculation during the 
summer, but no infection resulted on the stocks or scions of the variety 
310. 

Two hypotheses may be advanced to account for the presence of 
the mildew on these “immune” plants: (1) the evolution of one or more 
specialised forms of S. Humuli able to attack “immune” varieties; 
(2) the effect of abnormal growing conditions either on (</) the host 
plant, so that its cells temporarily lost the power of preventing the 
fungus from infecting them, or on (6) the fungus, so that its spores 
temporarily acquired an increased power of infection. 

On a priori grounds, the first hypothesis has much to siii)port it. 
The phenomenon of specialisation of parasitism is found to a high degree 
in the Erysiphaceae. For example, in the species Erysiphv Graminis^ 
the specialisation has proceeded to such an extent that we find(S) not 
one, but several specialised forms with distinctive powers of infection 
towards different species of the host genus Bromus, Experiments have 
shown (0) that the form of S, Humuli on species of Uumidus is specialised 
to this genus. Further, Steiner (lo) has shown that a number of specialised 
forms of S. Humuli exist on Alchemilla with distinctive powers of in- 
fection towards different species. It would not be unreasonable to 
suppose that, similarly, several specialised forms may evolve from the 
form on the genus Humulus, able to attack hitherto immune varieties. 
The circumstances may be conceived as being favourable for this. The 
immune plants were surrounded by susceptible plants heavily infected 
with the mildew. If among the millions of conidia being produced on 
these, one conidium varied in the direction of being able to infect an 
immune plant, and if then the conidia produced on this plant showed 
the same infective powers, a new specialised form would have arisen. 
In the Uredineae, the careful work of Stakraan and his collaborators 
has shown (11) that specialisation of parasitism has taken place to a 
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remarkable degree; the specialised form Tritid of Puednia Grammis has 
been found to be composed of a large number of further specialised forms 
with distinctive powers of infection towards different varieties of wheat. 

With regard to the occurrence of mildew on the “immune** varieties 
of hops described above, evidence was sought as to whether a new 
specialised form might be evolving. 

A few experiments were able to be made in which the infective 
powers of conidia produced on an “immune** variety were compared 
with those of conidia taken from a susceptible variety. 

Inoculation experiments with conidia taken from 
''immune"^ varieties of hops. 

Exp. 4. April 29th. Conidia were taken from the powdery pattihes produced on 
tlie plants OH .'1 (2) and (II) of the variety X 91 (sec above, liable II), and deposited 
on tlie two leaves (not quite fully expanded) of the 2nd node (from the tip) of a 
shoot 52 cm. loiij? of a plant of the Golden Hop which for several years past had 
been grown in a pot in the greenhouse and had proved immune. On May 10th one 
of the inoculated leaves showed a numl)cr of scattered groups of conidiophores over 
the inoculated area; on the other inoculated leaf a very few scattered or more or less 
elustereil conidiophores occurred at the place of inoculation — ^in both cases the 
appearance was that of ' sub-infection'’ only. As, however, at this date the leaves 
at the next lowortt node sho\\'ed similar minute spots of mildew, but rather more 
powdery, the evidence as to the origin of the mildew on the inoculated leaves must 
remain doubtful. Hy May 3 1st, the little patches on the inoculated leaves were still 
evident but had not percej>tibly increased in J-ize; no mildew appeared on the leaves 
of the nodes higher up. Gn June 16th, the powdery patches began to die away, 
exposing to \iew minute raised brown patches of leaf cells. Such “injury spots” 
arc eharacteristiij of attacks by the mildew' on the leaves of “semi-immune” plants 
(see (3), p. 257). No inUdew occurred on the 22 leaves eventually produced above 
the inoculati'd leaves. If the mililew' produced in this experiment on the inoculated 
leaves be considered iis the ri‘sult of the inoculation, this would be no evidence that 
the conidia pnaluetHl on \ 9 1 had any exceptional powers of infection, since W'cak 
infection of the* Golden Hop can sometimes be produced by conidia taken from fully 
susceptible })lants (B 18 and an unlabelled seedling) (see above, p. 265). 

Exp. 5. May 7th. One leaf at the 2nd node from the tip of a shoot of the Golden 
Hop^ wtis inoculated with conidia taken from “immune” plants of X 91 (01 34, pot 1 ; 
OH 3, pots 2 and 3 (see Table II, p. 267)) and the other leaf at the same node with 
conidia from the fully susceptible variety B 18. Each leaf w'as inoculated in a drop 
of water at thr(*e marked places and when the water hod dried, the deposited mass of 
spores w'aa plainly visible. No infection residtcti on either leaf. At the time of 
inoculation all the leavas of this plant of the Golden Hop w'cre believed to bo free 
from mildew; on May 17th, three very minute powdery patches wore visible on one 
leaf near the base of the shoot (possibly overlooked on May 11th); these patches 

^ This plant was pot 2, in Table I (p. 264). 
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had increased slightly in size by the 2l8t, but no spread of the mildew took plaoe 
and by the 31st, they had died away. 

Exp, 6. May 25th. Two leaves (one-quarter expanded) at the 2nd node from 
the tip of shoots of two plants (pots 2 and 4) of the immune variety OH 3 (•» X 91) 
were inoculated, one leaf with conidia taken from OH 3, pot 5 (see Table II) and the 
other leaf with conidia from a plant of the susceptible variety B 18. Water only 
was placed on the control leaves at the same node. No infection resulted in either 
case. 

Exp, 7. April 30th. Tw'O loaves at the 3rd node from the tip of a shoot of the 
rooted set (pot 2) of the immune variety 310 (see Table IV) were inoculated, one 
leaf at a marked place near the base of the centre lobe, with conidia produced on 
the loaves of another rooted set (pot 1) of 310 (see Table IV) and the other leaf, at 
three marked places (one on each lobe) with conidia taken from B 18. No infection 
resulted on either leaf. 

Exp, 8. May 17th. One leaf (partly expanded) at the 2nd node from the tip of 
a rooted sot (pot 6) of the variety 310 (see Table IV) and one leaf at the 2nd node 
of a plant of B 18, were heavily inoculated with conidia taken from the “immune” 
variety X 91 (OH 3, pots 2, 3, 4, 5, 7; see Table II). The opposite leaf at the node 
was treated with water only. By May 25th the leaf of B 18 was fully infected and 
by Jime 2nd, bore patches of densely clustered conidiophores “powdeiy^” with 
accumulated conidia; the control leaf remained healthy. The inoculated leaf of 310 
remained uninfected ; the places where the conidia had been deposited were marked 
by little areas of dead brown epidermal colls — the typical reaction shown by the loaf 
of many varieties of hops immune from mildew. 

It will be seen that the experiments detailed above give no evidence 
that the conidia produced on an “immune” plant possess distinctive 
powers of infection indicative of the evolution of a new specialised form. 
In this respect, the results obtained in Exp. 8 seem conclusive. It is 
an interesting fact that a conidium produced on an “immune” plant 
may be unable to infect its host^, and one that suggests that the plant 
in question must have passed from a susceptible to an immune state. 

The supposition, then, that the mildew on an “immune” variety 
might denote the advent of a new specialised form, finds no support 
from the above facts. Further evidence that these “immune” plants 
were not serving as the birth-place of new specialised forms is found in 
the fact that, as mentioned earlier, the mildew died away on all of them 
after a few weeks, without spreading to fresh leaves, under conditions 
in which the mildew attacked virulently the new leaves produced on 
ordinarily susceptible plants. 

^ Wc may compare the results of these eKjM^rimcnts with those obtoineil where a 
plant has been artificially rendered susceptible to the attacks of tho “wrong” spedaiised 
form of the mildew by the use of heat, alcc»hol, other and other agents (see (9)). Conidia 
prrduced on such plants are not able to infect an untreated plant. 
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Nevertheless one may spoculatc whether in such cases as the above, 
where a biologic form of the mildew is able to live for a time on a host 
plant which normally is comjdetely resistant, may not represent the 
first step in the evolution of a further biologic form adapted to certain 
members of the host genus. Possibly under a continuance of those 
special circumstances (which were probably weather conditions) which 
would enable the mildew to exist for a longer time on the new host 
plants, the conidia produced on them would possess the power of in- 
fecting the host plant under normal weather conditions. Of that, how- 
ever, we have as yet no evidence. 

We will now consider the second hypothesis, viz. whether there is 
any evidence for attributing the temporary susceptibility shown by the 
immune plants to abnormal growing (weather) conditions, the actual 
existence of which is indicated by the figures given below. The days 
when the first occurrence of mildew on immune plants was noted 
(April 28th) were dark and cold and the growth of the plants in the 
greenhouse either stop})ed entirely or there was only a very slight elonga- 
tion of the stems. Unfortunately, figures of the temperatures in the 
greenhouse are not available. Mr A. H. Bird, Meteorological Observer 
at Wye College in connection with the Ministry's Agricultural Meteoro- 
logical Scheme, has kindly supplied me with the chart showing the 
temperature of the air in the open at Wye for April and May, 1926. It 

Temperature of the Air. Mean of Daily Values (° F.). 
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10 
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24 
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1 
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50* 1 
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8 
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15 
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411 
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29 

65-3 
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+ 3-9 
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* The “normal” is the mean for a 35 year period, and as regards Wyo, is non-existent. 
The figures are not shown in the above table, but an' ariivcd at by adding or subtracting 
the figures in the “deviation” column t-o or from those in the “adjusU'd mean” column. 
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will be observed that in the week ending April 24th, the minus deviation 
from the normal was 2-6 degrees, and those for the weeks ending May 
8th, 15th and 22nd were all over 3 degrees. There does seem to be some 
evidence, then, that one factor influencing the temporary loss of im- 
munity noted in 1926 may have been abnormal growing conditions. 
Other evidence exists, however, with regard to cases of loss of immunity 
noted in previous seasons, which must be considered here. In 1917, 
the seedling variety OR 38, which previously had shown in the green- 
house complete resistance to the mildew, exhibited slight and temporary 
susceptibility. This phenomenon was observed twice. In the first instance 
an inoculated leaf became weakly infected. The weather conditions 
were abnormal at the time (March, 1917); rapid changes of temperature 
occurred and the stem of the plant made scarcely any growth. Here it 
would seem reasonable to attribute the breakdown of immunity to the 
effect of weather conditions. In another case, however, susceptibility 
occurred under different circumstances. A leaf of OR 38 was heavily 
inoculated with conidia, together with leaves of two susceptible varieties; 
the latter became infected and OR 38 proved immune. On the IGth day 
after inoculation (May 22nd, 1917) a “contror^ leaf (at the 5th node 
from the tip) of the stem of OR 38 bore one minute powdery patch of 
mildew, the inoculated leaf, as w^ell as all the other leaves on the stem 
being at this date and subsequently, entirely free from the mildew. 
Conidia taken from the patch failed to infect a young leaf of OR 38. 
Further details will be found in the account published in 1919 ((2), 
pp. 84, 85). The conclusion then reached was that an immune plant 
in the greenhouse may show strictly local susceptibility without the 
general immunity being lost, and that this susceptibility was due to 
unknown causes. A similar and unexplained case of local susceptibility 
occurred in the open in 1918. A plant of the immune variety OB 34 
(see (3), p. 256) growing in the Experimental Hop Garden at Wye College, 
produced a crop of some hundreds of healthy “hops'’ (strobiles), except 
for one young “hop” which alone was smothered with the conidial 
stage of the mildew. 

Such cases as the above^, incline one to suspect that some other 
factor besides weather conditions exists which is able to cause localis6d 
susceptibility. On the other hand, again, there is the case already re- 
corded, of a group composed of a number of different seedling varieties 
of hops which when grown in the greenhouse, remain season after season 

^ There is also the case of the Golden Hop in 1917, where as already mentioned above 
(p. 263) abnormal weather conditions had no effect upon its immunity. 
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completely resistant to the mildew but which, when grown in the open, 
sometimes prove at the end of the summer, to be susceptible, occasionally 
even to the highest degree^. A detailed history of the varieties of this 
group has already been given Here, again, it appears that the suscepti- 
bility is induced by special weather conditions and not by new specialised 
forms of the fungus. 


Summary. 

1. Three varieties of hops which had previously shown complete 
resistance to the attacks of S. Ilumuli, became slightly infected in the 
greenhouse in the spring of 1920. 

2. The 8U8(5eptibility shown was only temporary; all the infected 
plants during May and June again acquired their power of complete 
resistance. 

3. The conidia produced on an “immune’' plant proved unable to 
infect that plant, although able to infect a susceptible variety. 

4. It appears probable that abnormal weather conditions (possibly 
low temperature) brought about the temporary susceptibility. 
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GRAFTING EXPERIMENTS WITH VARIETIES OF 
HOPS RESISTANT TO THE HOP POWDERY MIL- 
DEW, SPHAEROTHECA HUMULI (DC.) BURR. 

By Prop. E. S. SALMON and W. M. WARE, M.Sc. 
(Mycological Department, Souih-Eastern Agricultural College, Wye, Kent.) 

(With Plate XVIir.) 

The experiments on immunity deseribed below, in that they have as 
an essential feature the employment of grafting, are an attempt to further 
the work of Roach (i) who has so successfully used this method for the 
investigation of the problem of potato immunity from wart disease 
[Synchytrium endohioticum). This author has demonstrated that when 
varieties of potatoes, resistant or susceptible to the attacks of l^ynchy- 
trium endobioticum, arc used as stocks and grafted with scions of varieties 
showing the opposite reaction to this fungus, the. tubers produced are 
not influenced as regards their behaviour to the parasite. 

Under the stimulus of the announcement of the above discovery, we 
were led to experiment firstly with the grafting of the hop plant and, 
secondly, with the effect of grafting on the immunity or susceptibility 
of the scion to the attacks of the hop mildew, Sphaerotheca Humuli (DC.) 
Burr. In 1925 we showed (2) that, using a method similar to that em- 
ployed by Roach, the actual process of grafting the hop plant was not 
difficult. In the present paper the results are given of inoculation experi- 
ments made with conidia of the hop mildew, S. Humuli, on immune 
and susceptible scions respectively. 

The only alteration in technique from that previously described (2), 
in the process of grafting employed in these experiments consisted in 
the use of a trace of rubber solution to secure the last fold of the thin 
india-rubber tape which was the only binding material around the 
graft. The cleft method of grafting alone was used and the stock was 
cut at about 2 inches from the ground. No elongation of the stock was 
ever noticed to take place and the growth of the scion was therefore 
measured from the ground level. (See Tables I and II.) 
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There were two ways in which the relation of the composite plant 
to the mildew might be investigated: by grafting (1) susceptible scions 
on immune stocks, and (2) immune scions on susceptible stocks. 

(1) In the first case any substance present in the stock, concerned 
in conferring immunity, might, if translocatablc, be expected to influence 
the susceptibility of the scion; or again, if susceptibility be due to the 
presence of some substance found in susceptible stocks but absent from 
the immune stocks, then the cessation of supply might induce some 
degree of immunity. 

(2) The same two considerations apply equally, mutalo midan^o, 
when immune scions are grafted on susceptible stocks. Both of the 
above types of graft were made. 

After having been grafted, the whole plant or sometimes only the 
shoot concerned, was kept covered by a bell-jar or plugged lamp-glass 
for ten days. The grafted plants were placed in a shaded part of the 
greenhouse, out of direct sunlight, for the whole of that period and for 
n day or two after the glass covering had been removed. The rubber 
binding was then pulled away. At the time of grafting or within the 
following month, every internode of the grafted shoots was measured 
and the state of development of the leaves noted. In this way it was 
possible to determine, before selecting the plant for inoculation, not 
only whether growth had taken place, but also which pairs of leaves 
had unfolded from the bud during a part of the time that the scion 
had been receiving nourishment from the stock. Infection tests were 
only made upon leaves which had developed at some time subsequent 
to the date of the first of these records; any leaves which had then even 
been distinguishable (?.c. with tips projecting from the terminal bud) 
were neglected for this purpose. In most cases very considerable growth 
took place before any infection experiments were made and often the 
leaves used for inoculation were situated at a distance of four or five 
new internodcs above the position occupied by the terminal bud at the 
time when the preceding record was made. 

The varieties of hops used in the experiments, were as follows; 

Class 1. Immune Varieties. 

1-3. Golden Hop^' ; seedlings Ref, Nos, Al 91 and 310. The facts 
concerning the origin and immunity of these three female varieties have 
already been given in a paper by one of us (see above, p. 264). Under 
normal circumstances, these three varieties are completely resistant to 
the attacks of S. Humuli. 
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4-6. "Rej. Nos. II 124 and V 93. These two male varieties were raised 
in 1913 from seed of a wild plant or plants of Humulus Lupulus obtained 
from Italy. As has been pointed out (3), both these varieties, when grown 
in the greenhouse, are completely resistant to the attacks of S. HumuUy 
although No. V 93, when grown in the open, may show a slight degree 
of susceptibility in the late autumn. 

6. Unnamed Immune. This plant was one of a number of immune 
seedlings raised from the seed of wild H. Lupulus obtained from Italy, 
which had shown in the greenhouse for a number of seasons complete 
resistance to S. Humuli. Owing to a label in the pot having been lost, 
its further identification could not be established^. 

Class 2. Susceptible Varieties. 

1-3. '^Wild Hop/' A, B and C. These were cuttings taken from 
(uncultivated) hops found growing wild in the hedge in three different 
localities at Wye 2 . 

4. Tutsham. This is a commercial variety commonly cultivated in 
Kent; its degree of susceptibility to S. Humuli is unknown. 

6. Ref. No. B 18. This is a variety of unknown parentage; it has 
been named the “Foundling’’ and has been described in the Journal of 
the Board of Agricult ure^ May, 1915. It has proved extremely susceptible 
in the greenhouse; occasionally its shoots, soon after their appearance 
above ground, become completely mildewed all over their surface and 
then hypertrophied. 

Method op Inoculation. 

The powdery mildew of the hop (S. Humuli (DC.) Burr.) forms on 
the surface of the leaves (and occasionally on the stems) of susceptible 
varieties of hops, small or large mycelial patches on which densely- 
clustered conidiophores, bearing chains of coiiidia, are produced. Under 
favourable conditions for growth and in still air, the patches become 
“powdery” or “mealy” from the ac/cumulation of ripe, detached conidia 
which have been produced successively in the greatest profusion. 

In the experiments described below, the method of inoculation was 
as follows, unless otherwise stated. The leaf to be inoculated was 
moistened on the upper surface with distilled water. Using a small, 
clean camel-hair brush, conidia were placed in the film of water; the 
water evaporated in a short time and left the conidia deposited on the 

^ Very possibly the plant was IM. No. OB ,34. (StMj (.3), p. 153.) 

* In the South of England, such plantH an* believed to Ims not truly wild but to 
originate from cuttingn of c(>mmc*rcial varieties. 
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epidermis. The plants were in a greenhouse by themselves and were 
not covered over; the uninoculated leaf at the same node, or the re- 
maining leaves on the plant, served as controls. 

Except in the case of Exp. 1 a (Table I) the conidia used for inocu- 
lation were taken from clone plants of the variety B 18. As the possi- 
bility of the existence of a specialisation of parasitism was being explored 
(see above, p. 271), notes were kept of the exact source of the conidia 
used in each experiment but as no evidence was obtained that the in- 
fective powers of the conidia produced on different clone plants of B 18 
varied in any way, these details are not given here. Seventy-six leaves 
of susceptible varieties (scion or stock) were inoculated and 72, i.e. 
94*7 per cent., became infected. 

Results of Experiments. 

Class 1. Scions of I rntnnne Varieties grafted on Susceptible Stocks. 

Scions of six different immuno varieties were grafted on stocks of four different 
susceptible varieties. The details of the grafting and the results of the inoculations 
are given in Table 1 and further particulars relating to the growth of the mildew 
in each experiment are given on p. 280. It will l>e seen that with the exception of 
the liolden Hop, where “sub- inf cot ion’* occurred in two experiments, the immune 
scions remained immum^. A typical ctvse may be taken as illustmtion. In Exp. 7 a 
(sec? Table 1 ) a scion of the immune variety V 93 was grafted, on March 12th, on the 
susceptible stock B 1 8. By March 29th the scion measured ( from the ground) 15'0 cm. 
and po8se.s8od four jiairs of leaves above the graft. t)n May 5 inoculations were 
made on loaves at the 8th and 9th nodes above the graft, the scion now reaching 
79*0 cm., or more than five times its original height. The scion completely resisted 
Infection. The same scion >vas again used on May 2ist, by which time it had grown 
to 115 cm., more than seven times its original height; leaves at the 12th and 13th 
nodes above the graft were inociilntod and prove<l to bo completely resistant. In 
Exp. J1 the same scion was inwiilnted on three occasions on leaves at the oth, (ith, 
8th, 9th, 14th and loth noiles abo\e the graft, the scion being finally more than 
twelve times its original height; on each occasion the scion proved to be immune. 
In the case of the Clolden Hop, the “sub-infection” which result«l in May on the 
four inoculated leaves in Exps. Nos. 1 a and 2 a was exactly similar to that w'hich 
had been oliscrvod on ungrafted plants during April and May, 192fi, and caimot 
therefore Ik* ascribed to the influence of the susceptible stock. It will be noted that 
each scion was again inoculated after fresh grow’th had been made (Ex|)s. Nos. 1 h 
and 2 6), and that they proved completely resistant. 

Class 2. /Scions of Susceptible Varieties grafted on Inunune Stocks. 

Scions of four different susceptible varieties won* grafted on stociks of five different 
immune varieties. The results of the inoculations given in Table 11 and the par- 
ticulars of the experiments given on p. 283 show that all the scions retained their 
original degree of susooptibility. 
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Details of Gbaptino Experiments. 

]. Imwnw Sdops on Smcejdible Stocks. (See Table I.) 

Earp. 1 a. Two leaves at the 3rd' node of the scion (Golden Hop) were inoculated, 
one with conidia taken from a plant of B 18, and the other with conidia from an 
unnamed seedling hop. The leaves were very young and only partly expanded; the 
conidia were placed in drops of distilled w'ater on each of the three lobes of the leaf. 
Four leaves, at the 3rd and 4th nodes of the stock- (Wild Hop C), were similarly 
inoculated. On the 11th day all the four leaves of the stock wore infected and bore 
mycelial patches w'ith conidiophores; no infection was visible on the scion. By the 
18th day the leaves at the 3rd node of the stock were almost continuously covered 
with mycelial growth, bearing dense powdery clusters of conidiophores; those at 
the 4th node were fully but less virulently infected. Of the inoculated leaves of the 
scion, one bore 2 conidiophores on its left lobe**, about 12 mon* or less isoluUd 
conidiophores and a cluster of (i on the middle lobe, and a single conidiophore on the 
right lobe. The other leaf bore two tniniite clusters of 2 and 4 conidiophores, resjiK'c- 
tively, on the middle lobe. No mycelial growtli was evident, and the general appear- 
ance was similar to that of "‘sub-infection*.*’ No infection occurroci elsewhere on 
the leaves of the scion. 

AVp. 1 b. The above scion was used again 11 days later, by which time it had 
made a fresh growth of JO cm. Tw'o leaves at the 2nd and 3rd nodes of the scion, 
and similarly of the stock, were inoculated. By the 7th day there was abundant 
mycelial growdh on the tw^o inoculated leaves of the stot;k, and by the 11th day 
dense powdery masstw of conidiophores; the control leaves at the same nodes were 
free from mildew. No trace of infection occurred on the two leaves, or others, of 
the scion. 

Exp, 2 a. In the case of both scion ((Jolden Hop) and stock (Wild Hop C), four 
leaves at the 2iid and 3rd nodes were inoculateil, the lonirlia t)eing placed in a tlrop 
of water on each of the three lobes of the leaf. 11 v the lOth day all the leaves of 
the stock w'crc full^> infected, and clustci-s of coiiidiof)hon*s wore beginning to be 
formed. No signs of infection were appanmt on the scion. B\ the 17th day the 
inoculati*d leaves of the stock w ere almost continuously covered w'lth mycelial growth 
bearing powdery clustem of conirliophort's. 

Of the inoculated leaves of the scion, one at the 3rd nod<‘ bore at two places on 
its nirht lobe minute clusti'rs of o-? conidiophores; on its middle lobe, a few solitary 
conidiojihores, w'hilc no infection occurred on tlic left. loU*. As regards the other 
leaf at the 3rd node, a very few solitary conidiophores appeariMl on the right and 
middle lobes and no infection on the left lobe. At the 2nd node of tho scion, one 

* I.f. counting from the tip of the shoot 

* In all cases, the mociihited Icdvcs of the stock were not on the grafted stem but on 
a shoot coming from the same jiinnt, since it was necessary to secure knaves of tho same 
age and ctmdition. Owing to their unsuitability in this n^spect, the leaves of the stO(‘k 
below the graft W(to never inoculated. 

“ Tho dorsal surface of tlie leaf was viewed with the jn-tiole above. 

* The term “sub-iiifcction” has been used to denote the production of a few scattend 
conidiophores. 
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loaf Bhowod 3 weak conidiophoros on the left lobe and the other leaf a group of 
6 conidiophorcs on the right lobe, 8 scattered conidiuphores on the middle lobe and 
3 isolated conidiophores on the left lobe. No infection occurred elsewhere. 

Exp, 2 6. The above graft was used 19 days later when a fresh growth of 49*8 cm. 
had been made. One leaf at the 2nd and 3rd nodes of both the stock and scion were 
inoculated, the control leaf opposite being treated with water only. Full infe tion 
resulted on the stock, the control leaves remaining free; no trace of infection was 
observable on thc^ scion. 

Exp, 3 a. Four leaves at the 3rd and 4th nodes of the scion (Golden Hop) were 
inoculated, and two leaves at the 3rd node of a long stern of the stock (Wild Hop C) 
and two leaves at the 3rd node of a short shoot of the stock (of the same length as 
that of the scion). All tin*, leaves of the stock became infected, and no infection 
resulted on the scion. 

Exp, 3 b. The above scion was used 20 days later, wlien a fresh growth of 41 cm. 
had lieen made. 'Fwo leaves at the 2iid and .3rd nodes of the scion and two leaves 
at the 3nl and 4th nodes of the stock were inoculated, the control leaves being 
treated wjth \vat<*r only. I5y the 22nd day the leaf at the 3rd node of the stor^k was 
somewhat w'cakly infccte<l; no infection resulted on th(‘ leaf at the 4th node. The 
control h'a\cs remained liealtliy. No trace of infection resulted on the sci«m. 

Exp. 4 a. Two leaves at the 3rd node of both the scion (Golden Hop) and the 
stock (Wild Hop G) were inoeulatetl. Infi'ction occurred on the stock but not on 
the scion. 

Erp. f) a. Two leaNCs at th(* 2nd node of both the scion (No. 310) and the stock 
(Wild Hop A) were inoculated. The leaves were about one-quarter expanded. By 
tho 7th day the heaves of the stock were fullv infectefl; no infection occurred on 
the scion, but pale areas were \isibk» at the places where the conidia had been 
deiKisited '. 

Edp, (j a. Two leaves at tlie 2nd node of both tht* M-ion (No. 310) and the stock 
(Tiitsharn) were inoculated. The h*a\H‘S were about one-half exjiandwl. Jiy the 
22nd day the leaves of tlie stock were fully infected, whik' no trace of infection oi- 
curred on the .scion. 

Exp, 7 rt. Four leaves at the 2iul and 3rd nodes of the scion (No. V 93) were 
inoiMilatiMi. No infection re.^ulled. 'Fhe st(x*k was not inoculated in this experiment. 

Exp. 7 b. The above mmoii w.is used Jti days later, when a fresh growth of 30 cm. 
had been niiwle. Four leavt's at the 2n<l and 3rd nodes were inoculated. Tht* leaves 
at the 2nd ncHle were very small ( bo to 2-0 cm. long) and at the 3rd node only about 
one-half expanded. No iiifeetion uecurrevi. The stock v\.is iu»t inoculated in this 
exiieriment. 

Expa. 8 a and 9 a. Two scions (No. 11 24) on B 18 stock wi‘rc ustnl. Tw^i leaves 
on an ungrafitxl >*hoot of the same slock wen* also iiuxailatiMl By tiu* 10th day full 
infection had resulteil on all three lobes of each of the two leaves of the st;Ock; no 
infection occurred on the scion. 

Exps. 8 b and 9 b. The two .scions were again used 20 days later, hy which time 
fri^h growths of 57 cm. and 07 cm. (res|>ectively) hail been made. On one .scion one 
leaf at tho 2nd node w'as inoculated, and on the other one leaf at the 3rd. One leaf 

^ The same phetionienon has In'cn observed when cenidia liave bev'U dejiosited on liie 
leaves of ungrafted rcsislant varieties. 


19 — 2: 
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at the 3rd ncnie of an ungrafted stem of the stock was also inoculated. All the 
inoculated leaves were about one-half expanded. The control leaves at the same 
nodes were treated with water only. By the 7th day complete infection had resulted 
on the stock, large mycelial patches fup to 0*5 era. in diara.) bearing densely clustered 
conidiophores were present on all three lobes of the leaf; the control leaf remained 
healthy. No infection occurred on the scion; the inoculated leaves showed con- 
spicuous, pale, often somewhat wrinkled areas where the (*onldia had been deposited. 

Kxp. 10 a. Four leaves at the 2nd and 3rd nodes of the scion (vimiamed immune) 
and four leaves at the same nodes of the stock (No. B 1 8) were inoculated. By the 
11th day the four leaves of the stock were all fully infc'cted; by the 15th practically 
the whole of the upper surface of each leaf was continuously covered with the 
mycelial grow’th bearing conidiophores so dense powdery with aceumidated conidia 
that a mist-like mass of conidia was dispersed through the air on the leaves being 
touched. No infection occurred on the scion. 

Kxp. 10 6. The same scion was again used 15 days later. Two leaves at the 2nd 
node were inoculated, as well as two leaves of the stock at the 2nd node. By the 
llth day both leaves of the stock wore almost continuously covctihI, on the upjKjr 
surface, with mycelial growth bearing densely chistt'red conidiophf)r(^s, already more 
or less '‘powdery" with accumulated conidia. No infection occurred on the scion; 
both the inoculated leaves show'cd pale areas w here the sporeiJ had been depcisite^l. 

Exp, 11 a. Four leaves at the 2nd and 3rd nodes of the scion ( uimamed immune), 
and four leaves at the same notles of the stock (No. B 18) were inoculated. The 
leaves at the 2nd node of both scion and stock were about onc-sixth expandeii. By 
the llth day the leaves of the stock at the 2nd node were fully infected and those 
at the 3rd node, w^eakly. By the 15th day the leaves at the 2nd node were so con- 
tinuously covered with dens(*ly massed conwliophores iM^aring coniilia, that- a mist- 
like cloud of conidia disperstjd on the leaves being touchtni; the lea\es at the 3rd 
node bore more scattered but dense masses of conidiophores. No infection occurre<l 
on the scion. 

Exp, 11 h. 'J'he scion was used 15 <la\s later by w'hi«*h time a fresh growth 

of 33*2 cm. had lieen imuh;. 'two leaves at the 2nd and 3nl rnah'S of both tlu‘ scion 
and stock were inoculated. The leaves at I he 2nd node were onh pjirtly exjmndwl. 
The four control lcavf\s at the same rKxles were tn‘at<Mi with w'liter only. By the 
8t)i day the leaf of the stock at the 2ik1 no le was fully infect<‘d and showed over its 
surface an almost continuous myeelial growth, Inviring densel\' clustered young 
conidiophores; tlic leaf at the 3r<l node was mfeetwl with «eatter(Ml mycelial patches 
and clustered young conidiophon\s. 3'he control lca\i*M reinaimMi fr(*e. No infcK^tion 
occurred on the scion. The inoculated leaves showed pale, slightly shrunken areas 
where the < onidia had been plac(*d- -these w'cre absent from the control leaves. 

Exp, 1 1 r. The scion w'as again used 17 days later, wlicn a frc'sh growth of 67 cm. 
had been mode. Two leaves at the third node, and onc' leaf at the 2nd node of both 
scion and stock were inoculated. Jn both eases the leaves at the 2nd node were very 
small (7 8 mm. long); at the 3rd node they were about one-quarter expanded. The 
control leaf at the 2nd node was treated with wafer only. By the i3th day aJl the 
inoculated leaves of the stock w^ero fully and Iwavily infected ; the control loaf was 
healthy. No infection of the seJon occurred and, as before, the inoculated leaves 
showed pale areas where the conidia bod been deposited. 
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Exp, 12 a. Four leaves at the 2nd and 3rd nodes of both the scion (unnamed 
immune) and the stock (No. B 18) were inoculated. By the 11th day the four leaves 
on the stock were fully infected. No infection resulted on the scion. 

Exp, 12 h. The above scion was again used 15 days later, when a fresh growth of 
24’5 cm. had been made. Two leaves at the 2nd node of both the scion and stock 
were inoculated. By the 0th day the leaves of the stock were fully infected, whereas 
those of the scion were free. 

Exp, 13 a. Four loaves at the 2nd and 3rd nodes of the scion (No. 11 30) were 
inoculated. No infection resulted. It was noted that the scion made no growth 
during the experiment. No inoculation was made of the stoc^k. 

2. Susa'ptible Scions on Immune Stocks, (See Tabic II.) 

Exp. 1 a. Four leaves of the scion (Tutshara) were inoculated at the 3rd and 
4th nodes; those at the .3rd node were only half expanded. Two loaves of the stock 
at the 2nd node (Golden Ho])) were inoculated. The loaves were moistened by 
spreading distilled Mater over them and conidia depositetl over the damp surface; 
in the case of the leaves at the 4th nofle however, owing to the difficulty of getting 
the wattT to vv'et the surface of the older leaver, the conidia wore dejKjsitefl in droj»s 
of water. By the 7th day the two leaves at the .3rd node of the scion were seen to 
bo fully infected; by the 13th day these leaves bore crowded and very powdery 
patelies of couidiopliorcs. No infection occurred on the leaves of the scion at the 
4th n<xle {(ith alKive graft). This non-infection of the scion may bo attributed possibly 
to the age and condition of the leaf. No infection occurred on the stock. 

Exp, 2 a. T\vo half-expaiuh'd leaves at the 2nd no^le of the scion (Wild Hop B) 
and one leaf at the 2nd and .3rd no<lcs of the stex'k (No. 310) were inoc ulated, water 
only being placed in the latter east* on the <*ontrol leaf at each ncxle. By the 7th day 
the two leaves of the scion Mere fully infecttnl and by the 13th day bore very 
numerous dense powder\ patches of conidiophores. Nt) infeediou cx’ciirrcd on the 
stock; pale areas mctc observed on the epiilerinis where the conidia ha<l been deposited. 

Exp. 2 h. The above plant was usixl again lb days later, by wdiich time the scion 
had made a fresh growth of 85 0 cm. One leaf at the 2nd and 3rd nodes of the scion 
and the same also on a similar slioot of the stock w'cre inoculated, the control leaves 
being treated with w^ater only. The leaf at the 2nd node was onh’’ about one-quarter 
expanded. By the Nth day the leaf at the 2nd node of the s(*ion was fully and 
heavily infected, and boro \ cry numerous, dense powdery patehas, wdiile the control 
leaf was free; the leaf at, the .3rd node remained uninfected, as also the control leaf 
at that node. No infection resulted on the stock. 

Exp. .3 a. Four leaves at the 2nd and 3rd noties of the scion (Wiki Hop A), one 
leaf at the 2nd nwle, and two leaves at the 3rd node of the stock (No. .310) w'ere 
inoculated. In the ease of both .stock and scion, the leaves w'erc at the same stage 
of development, viz. at the 2nd node only just expanding and at the 3rd node about 
one-quarter expanded. By tlie btli day all the four leaves of the scion w^erc fully 
infected and showed an abundant mycelial growth and young conidiophores densety 
clustered. No infection oecurnxl on the stock, 

Exp, 4 a. Four leaves at the 2ud and 3rd nodes of tin' scion (B 18) were inocu- 
lated and by the 12th day were fully infected. No inoculation of the stock was 
made. 
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Exp, 4 h. The above scion was used again 15 days later. Four leaves at the new 
2nd and 3rd nodes were inoculated; the former were very small (1 •5-2*0 cm. long), 
and the latter about half expanded. By the 10th day the leaves at the 2nd node 
were fully infected and those at the 3rd node weakly infected. 

Kxps, 5 a and (i a. Two leaves at the 2nd and 3rd nocias respexitively of the two 
scions (B 18) and one leaf at the 2nd and 3nl nodes n*s|iectively of the stocks (both 
unnamed iininiine) were inoculated. 3y the 7th day all the four leaves of the scions 
were fully infecteil. No infection of the stocks resulted. 

Exp, 7 a. Four leaves at the 2nd and 3rd nodes of the scion (B 18) were inocu- 
lated. By the lOfh day both the leaves at the 2nd node were so heavily infected 
with an almost continuous growth of dense powdery conidiophorc^s that a cloud of 
conidia was disj>erse(l on the plant being touched; the leaves at the 3rd noilo bore 
only small clusters of conidiophores spread ov<t the surfai'c of the leaf. No itiocMi- 
lation of the stock w'as made 


General Discussion. 

On the subject of the study of the nature of varietal immunity in 
plants, we may quote here* the remarks mafic by l{(>aeh(i) with reference 
to varieties of potatoes immune from wart disease: ‘'There is singularly 
little knowledge how^ever of the general nature of this immunity. It 
may for example be conferr(»d by a fhdinite substance not present in th(» 
susceptible varieties, or on the other hand it mnv be due to the abstmee in 
the immune varieties of a substance which makes growth of SffnclijitnutH 
endobioticAim possible. If either of these suppositions be correct, this 
substance may be ])roducod throughout the whole plant or it may be 
produ(;ed in one part and translocated thence to the remaining tissues. 
The possibility that the difference ))etweeu ‘immunes’ and ‘susceptibles' 
is the result of slightly different chemical groupings in the protoplasm 
in the two cases, docs not seem to have been explored.” 

As regards immunity from SpJiaerotheca IlurnuU, the results of 
our experiments (Tables I and II) in which a considerable number 
of composite plants were built up by grafting, viz. 7 plants of sus- 
ceptible varieties grafted on immune, and 13 plants of immune varieties 
grafted on susceptible, show' that the original degree, either of resistance 
or susceptibility, in the ten varieties used remained unchanged in the 
scion. No evidence w'as obtained of decn^ased infection of the sus- 
ceptible scion when grafted on immune stocks. Conversely, shoots of 
immune varieties grafted on susceptible stocks remained immune. For 
both these types of experiment a variety such as B 18, with its known 
extreme susceptibility to the mildew, was very suitable and make the 
results obtained the more noteworthy. It is to be remarked further that 
among the immune varieties used, tw'o, viz. Golden Hop and No. 310. 



E. 8. Salmon and W. M. Ware 


285 


have been observed to show in the greenhouse a temporary break- 
down of immunity which permits of the production of a weak growth 
of conidiophores on the leaves. These cases have been described above 
(p. 2()I}) and the cause of the loss of immunity has been tentatively 
ascribed to the effect of weather conditions (possibly low temperature). 

In the case of another immune variety used, viz. No. V 93, although 
the plants grown in th(i greenhouse have always shown complete re- 
sistance, a slight susceptibility in plants grown in the open has occa- 
sionally been oliserved in the late autumn ((3), p. 151). Of these three 
varieties, scions of Nos. 310 and V 93 showed in the grafting experiments 
complete resistance to the mildew, while the scions of the Golden Hop 
remained immune in five of the experiments and in two became ‘‘sub- 
infected*’ in exactly the same manner as did certain ungrafted plants 
of that vari('tv in the greenhouse^ Such plants as the above three 
varieties may be considi^red as especially suitable for testing the effects 
of grafting because an interference in their metabolism, such as mav 
apparently be produced by low temperature, results in a temporary loss 
of complete resistance to the mildew. It is all the more interesting, 
thendore, to find that the process of grafting with the possibility of the 
scion experiencing an alteration in the supplv of substances from a 
susceptible stock, affects in no way the varietal reaction to the attacks 
of the mildew. 

Stimmary. 

1. Twenty (‘omposite plants were built up by grafting either a 
scion of an immune variety of hop on a suscej)tible stock, or rirr versa 
Inoculation of young leaves of the scion, after a considerable growth of 
the latter had tak(»n })lace since grafting, showed that no change had 
been effected in the varietal immunity or susceptibility in relation to 
Sphaerotheca Hiuhuli, 

2. In the above experiments, scions of six different immune varieties 
were grafted on stocks of four different susceptible varieties and scions 
of four different sus(‘ej)tible varieties were grafted on stocks of five 
different immune varieties. 

3. The results obtained render it im})robal)le that immunity or 
susceptibility to S, Ili/muli is connected with anv translocatable sub- 
stance in the hop plant. 

* See above*, p. 2a3 
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Grafting Experiments with Immune , 
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Table II. 

Grafting Experiments mth Susceptible Scions on Immune Stocks. 
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EXPLANATION OF PLATE XVIII 

The suHoeptiblo variety of Hop, B 18, with two shontR. Ris^ht, iinKrafted; left, a shoot 
on w'hich a soion of an immune vaiiety was grafted at (a) on March 13th. After vigorous 
growth hud takfui place, two young leaves of the sanu' age on (“uch shoot were inoculated 
on May 2lBt. The immune Hcion ha« completely resisted infection (6), whoieas the stock 
has become fully infected (r). Phot/igraplied June Ist. (See Table I. Kxp. 10 6 ) ^ Natural 
<»ize. 


(Jtecched Fehrmrij 1927.) 
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RHIZOCTONIA ‘‘FOOT-ROT’’ OF THE TOMATO^ 

By T. small. 

{Experimental and Research Station, Cheshunt, Herts.) 

Epidemics of foot-rot of young tomato plants caused by Rhizoctonia 
solani (Kuhn) have inflicted considerable losses upon some growers in 
Guernsey. The disease appears shortly after planting in the houses and 
results in the formation of brown lesions at soil level which gradually 
extend and finally cause the plant to fall over. In the present investi- 
gation the effect of various cultural devices and also of soil fungicides 
has been tested. 


I, Inoculation Experiments. 

These experiments were conducted in a glasshouse having an average 
temperature of 21° C. and tomato plants in four-inch pots were used. 
All factors were kept as constant as possible with the e.xception of that 
under consideration. Inoculations were made from cultures on Coons 
agar, the inoculum being so placed that the fungus was compelled to 
grow through half an inch of soil before reaching the plants. Cultures 
of the same age were used for all the plants in any one experiment; this 
precaution was necessary because a decided loss of virulence, indicated 
by meagre production of sclerotia, occurred in pure culture which was 
however regained by passage through a host plant. Controls received 
culture medium only and remained healthy in all cases. At the con- 
clusion of each experiment, the duration of which varied from 7 to 14 
days, the plants were examined and re-isolations were made from repre- 
sentative members. To estimate the extent of the disease the following 
degrees of infection were adopted: none; fair, lesion J in. to ^ in. long; 
bad, lesion J in. or more in length. Preliminary experiments, made with 
the object of finding a suitable variety for later work, showed that all 
the varieties tested were equally susceptible and as Ailsa Craig was 
available it was used for all subsequent experiments. 

* Portion of a thesis approved for the Degree of Master of Science in tiie University 
of London. 
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1 . The relation of soil imoisture and soil type to the disease, 

A knowledge of this relation is especially desirable because the 
amount of water supplied and the method of application can be varied 
at will under nursery conditions. Inoculated plants were submitted to 
different moisture conditions, the details of which with the results 
obtained are shown in Table 1. 


Table 1. 


of 

infortion 

iJaiiy trt'iitniciit jK'r four 

-inoh pot 

Soil tyjjc 

A. 

/■ — 

No water 

50 c.c. 

100 c.c. 

^ 

Sandy Clay 

None 

21 

2 

2 

G 

3 

Fair 

8 

11 

3 

5 — 

Uad 

1 

17 

19 

6 

14 

No. of planli 

6 30 

30 

24 

17 

17 


These results suggested that planting in furrows as practised by some 
growers would render the plants more liable to infection and this was 
confirmed experimentally. 

The above evidence indicated that the disease is least prevalent on 
dry, open soils and emphasised the danger of furrow planting. 


2. The effect of tentperature upon the disease. 

To determine the optimum temperature for infection inoculated 
{)lants were placed in different positions, the maximum, minimum, 
morning and afternoon temperatures of which were recorded each day. 
The temperature variation in these positions was no greater than is 
usual in large glasshouses and does not therefore invalidate the practical 
value of the results. Consideration of the data given in Table II shows 
that severe infection occurred between 16*1'^ C. and 20*7° C. and later 
experiments confirmed that below and above these temperatures re- 
spectively, the degree of infection diminished. 


Table II. 


Temperaturf' in C. 

A ^ Dc^itu* of infi'ction 


Abaolutc 

Abnoliito 


No. of 

f 

A 

^ 

minimum 

maximum 

Avrra^iO 

planta 

None 

Fair 

Bad 

19 

42 

270 

21 

13 

ti 

2 

11 

34 

20-7 

21 

0 

7 

8 

9 

24 

IGl 

21 

1 

2 

18 

2 

12 

7-4 

15 

13 

2 
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Rhizoclonia "^Foot-RoV of the Tomato 

Recent work at Cheshunt has shown that harmful results occur when 
tomato plants are set out at a soil temperature less than 13*8° C. (57° F.) 
with the result that most growers do not plant until the soil is sufficiently 
warm. Further, in commercial practice soil watering is withheld until 
the fruit on the second truss is swelling, a period of about 60 days after 
planting, because earlier watering is prejudicial to the setting of the 
earlier flowers. It follows that the soil must be reasonably moist when 
planting. Thus the temperature and moisture conditions of the soil at 
planting time are normally favourable to infection by Rhizoclonia. 
Growers have some difficulty in obtaining a soil temperature higher than 
15-5° C. (60° F.) at planting time and indeed this temperature is attained 
only by heating the empty houses for 14 to 20 days previously. Therefore 
any control measure which depends upon soil temperatures higher than 
15*5° C. is almost impracticable. It is also difficult to low'er the moistun' 
content of the soil at planting time but growers should remember that 
dry open soils are least favourable to Rhizoclonia, 


3. The effect of Tnanurial treatment upon the disease. 

An attempt was made to see how infection by Rhizoclonia was 
affected by the various manures used in tomato culture. 

The abundant fungal growth produced upon sterile stable manure 
suggested that this material might be expected to increase the amount 


Mamiro 

Percentage 
m soil 

Table HI. 

No. of 
plants 

None 

Degree of infection 

Fair 

Had 

Stable manure 

None 

17 

2 

7 
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30 

17 

1 

3 

13 


00 
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Ammonium sulphate 
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2 

Ifi 

20 

»* 
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38 
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C/omplete artificials* 
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0 


1-5 

10 

5 

4 

1 

Complete artificials 

10 

10 

2 

5 

3 

minus jiotash 

Complete artificials 

10 

10 

— 

1 

9 

minus nitrogen 

Complete artificials 

10 

10 

3 

0 

1 

minus phosphate 


♦ Complete artificials includes potassium sulphate, superphosphate and ammonium 
sulphate. 
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of infection and it is clear from the results of confirmatory experiments 
given in Table III that this is actually the case. 

The results of the fertiliser experiments were not conclusive but 
suggested that a top dressing of sulphate of ammonia may reduce the 
amount of disease, and field experiments are being arranged to test this 
assumption on a larger scale. 

Lime used in various quantities from 1 to 10 lb. per square yard 
scarcely affected the degree of infection. 

11. Soil Sterilisation. 

1. Summer treatmerd. 

An attempt was made to discover a fungicide which would enable 
the grower to re-plaiit the infected areas at once. For this purpose 
solutions of the following compounds were tested using 100 c.c. of a 
strength which just failed to kill the plants: Cheshunt compound, 
coj)per sulphate, sulphuric acid, formaldehyde uspulim, ammonium poly- 
sulphide, ammonium hydroxide, ammonium carbonate, ammonium sul- 
phate, ammonium chloride and ammonium nitrate. Only uspulun 
appeared to have any effect upon the disease and in a final test with 
this fungicide, using a 0-25 per cent, solution in sufficient quantity to 
saturate the soil, 13 out of 16 plants escaped infection whilst all the 
controls were severely diseased. 

2. Wilder treatmeid. 

It is obvious from observation in commercial nurseries and experi- 
ments conducted during the course of this investigation that the organism 
causing this disease overwint<Ts in the soil and therefore on infected 
nurseries it is necessary to sterilise the soil at the end of the season. 
Laboratory experiments sufficed to show that infected soil, even when 
large sclerotia were present, can be freed from Rhizocioma by steaming 
for one hour at 96^" C. and that when such soil is re-infected after sterili- 
sation the disease spreads much more rapidly than in non-steamed soil. 
Baking in a standard oven gave similar results. Steam sterilisation of 
infected soils oh nurseries has repeatedly given freedom from this disease. 

Some growers cannot be persuaded to employ steam sterilisation 
because they live in localities where boilers cannot be hired and they 
do not wish to incur initial cost of the necessary apparatus. For this 
reason a number of likely chemical compounds was tested to see if the 
disease could be controlled by the use of chemical sterilising agents. 
For this purpose copiously infected soil was passed through a J in. sieve 
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prior to treatment with fungicides which were diluted at the rate of 
100 c.c. per pound of soil to be treated and were applied as evenly as 
possible. Soil treated with volatile compounds was covered for two days. 
Controls received water instead of fungicide and when planted infection 
always occurred. The following compounds proved to be valueless: 
cresylic acid (0*36 per cent.), lysol (0*08 per cent.), potassium dichlor- 
phenol (0*066 per cent.), copper sulphate (1*32 per cent.), flowers of 
sulphur (0*6 per cent.) and potassium permanganate (0*27 per cent.). 

Promising compounds were tested again and the results, given in 
Table IV, showed that in no case was the soil freed from the disease 
although the treatment Was such that it would be too costly for use on 
a commercial scale. When it is remembered that these experiments were 
carried out carefully on a small scale it seems reasonable to conclude 
that control by these fungicides is less reliable than steaming and is 
indeed rarely possible under nursery conditions. 

Table IV. 


Sterilisation of infected soil by fungicides. 


ComfK)und 

Percentage 
in soil 

Application 
j)er acre m 
tons 

No. of 
planta 

Numlior 

infected 

Formaldehyde 

0-250 

2-50 

10 

.3 

Phenol 

0-220 

2-20 

10 

2 

PotaHsium dichlororosylato* 

0-032 

0-32 

10 

2 

(’ota^iiim dichlorphcnate* 

O-OliS 

O-tio 

15 

3 

Ammonium carbonate 

0-880 

8 80 

15 

\ 

Ammonium hydroxide 

1-100 

ll-tH) 

10 

4 

* \'iable Hclcrotia were found 

on the sidej of 

home potH o< 

mtainmg healthy pl.inth 


III. Control Methods. 

As a result of this investigation the following methods of control 
may be suggested: 

1. Diseased plants and the soil immediately surrounding them should 
be removed, care being taken to ensure that no soil is transferred from 
the diseased area to other parts of the house, and the hole thus made 
should be treated with a 0*25 per cent, solution of uspulun. The area 
may then be re-planted and the plants given a top dressing of ammonium 
sulphate. 

2. Dry open soil conditions should be maintained by periodic hoeing, 
and, if possible, by reducing the water supply and raising the tem- 
perature. 
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3, The soil should be steamed after uprooting and removing the 
plants at the end of the season. 

4. Weeds in and about the glasshouses must be destroyed, as experi- 
ments have indicated that these may serve as hosts and thus help to 
maintain the virulence of the fungus. 

The author wishes to acknowledge his indebtedness to Dr W. F. 
Bewley, Director of the Experimental and Research Station, Cheshunt, 
for advice and helpful criticism during the investigation and the pre- 
paration of this paper. 

IV. Summary. 

1. A “foot-rot’" disease of young tomato plants from Guernsey 
caused by Rhizoetonia solani has been investigated. 

2. The disease is least prevalent on dry open soils; it is most severe 
at temperatures ranging from 16^ C.~2()° C. 

3. The degree of infection was increased by stable manure; slightly 
decreased by ammonium sulphate; apparently unaffected by lime, 
potassic and phosphatic manures. 

4. Soil sterilisation by heat was the most effective and reliable means 
of controlling the diseas(*. During the season the disease was checked 
by uspulun. 

5. Control methods are suggested. 


{Received April UK 1927.) 


Ann. Biol xiv 


20 



296 


MANGEL SCAB— ITS CAUSE AND HISTOGENY 

By W. a. MILLARD, B.Sc. 

(Lecturer in Agricultural Botany and Adviser in Mycology, 
University of Leeds), 

AND FRED BEELEY, B.Sc. 

(Field Officer and Mycologist to the Rubber Research Institute, 
Federated Malay States), 

(With Plates XIX-XXII and 1 Text-figure.) 

Introduction. 

The causative organism of mangel scab has long been recorded as 
identical with that of common scab of potatoes and the work of previous 
investigators leaves no room for doubt that the two diseases are closely 
allied. It is moreover a common experience to find that where potatoes 
are scabbed, mangels and beet and also turnips grown* on the same soil 
are similarly affected. Since, however, Wolleiiweber(<>) and Millard and 
Burr ( 4 ) have shown that potato scab may be produced by a variety of 
Actinomyces species, the assumption of identity between th(‘ two diseases 
becomes meaningless unless, indeed, it should transpire that each of the 
Actinomyces species producing scab on potatoes is able also to produce 
it on beet. It has also become obvious that, at the time of the early 
investigations of beet scab, no accurate comparison could be made 
between Actinomyces strains isolated from the two diseases. In this 
connection, however, it is interesting to note that in 1904, Kruger(ii), 
working on what he called “girdle'’ scab of sugar beet, stated that the 
Actinomyces strains which he isolated were not identical with the Thaxter 
organism of potato scab, and again, in 1915, Lutman and Johnson (;<) re- 
corded the isolation of eight strains of Actinomyces drawn from beet 
scab, five of which were found to be pathogenic. One of these was’ 
decidedly more virulent than the remaining four. In spite of these results, 
the identity of the organisms of potato and beet scab was tacitly accepted. 

The morphological differences between the disease in its most notice- 
able forms on the two hosts are obvious even to the casual observer. 
In the potato the scabs are frequently sunken (pitted) or, if superficial, 
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consist of a mass of cork, whereas, in the beet the scab frequently forms 
large knob-like protuberances up to 20 mm. across and rising 6 mm. or 
more above the surface. It is plain that this morphological difference 
may be due either to different organisms or to innate differences 
between the two host plants in their reaction to the invading parasite, 
or again, to a combination of both factors. The present work was under- 
taken with the object of finding the causative organism or organisms of 
beet scab and of ascertaining more precisely the manner in whic h the 
scabs developed under their invasion. 

Present Work. 

Mangels of the Ooldem Tankard and Red Intermediate varieties were 
obtained from a field at Strensall where the soil is a very sandy loam and 
yields badly scabbc'd crops of potatoes. The mangel crop was severely 
scabbed and photographs of typical roots are shown in Plate XIX, 
figs. 1 and 2. It will })e observed that the scabs are in general confined 
to that j)ortion of the root which is at or below soil levt^l. Examination 
of these specimens revealed the fact that, in addition to the large bulging 
scabs, another type of scab was also present. This consisted of an 
irregular cavity tilled with brown rotting tissue covered when young, 
by a plate of hard black suberised tissue. Other scabs in the neigh- 
bourhood of th(‘se shallow pits consisted of an irregular, corky mass 
rising slightly above the surface of the root in an uneven manner very 
different from tin* more noticeable bulging scab and may possibly have 
been older stages of the pitted variety. They are best seen in the 
specimen shown in Plate XIX. fig. 2. 


Isolation of the Causative Organisms. 

(I) Pitted Sexib, 

The mangels were first thoroughly washed and allow^ed to dry. 
A typical scab was then selected and wipt*d with a camel hair brush 
dipped into methylated spirits. With the aid of a sterile scalpel the 
upper part of the scab wiis removed whilst the tissue below was mulched 
into a pulp. A small portion of this pulp served as inoculum and with 
it plates of nutrient potato agar were poured. The latter were incubated 
at 24° C. for 7 days and the colonies which had then grown in each 
dilution plate were found to be almost entirely Actinomyces, All the 
colonies appearing in the plates of the higher dilutions stained the 

2CV--2 
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medium a dark brown and none produced aerial mycelium. As no 
differences could be observed between them pure cultures were made 
from only two; these eventually proved to be duplicates and form 
Strain 6 of this paper. 

(II) Raised Scab, 

From subsequent work on the structure of raised scab it seems very 
possible that there are two variants of this type and these will be later 
described. At the time of making these isolations no such distinction 
had been drawn, but the inoculation material from which the cultures 
were obtained was taken from a bulging scab with gently sloping sides 
which afterwards came to be known as “mound" scab. The same pro- 
cedure was followed as in the case of pitted scab, but in the first two 
attempts at isolation the plates showed large numbers of bacteria and 
very few Actinomyces, Finally, however, the inoculum was taken from 
the periphery of the scab and here the results obtained were much more 
satisfactory. Bacterial and Actinomycetal colonies were presemt in ap- 
proximately equal numbers. None of the Actinomyces colonies stained 
the medium, but other variations were notieed between them and (dght 
were isolated into pure culture. A preliminary examination of the 
growth of these was made on calcium malate glycerine agar, glycerine 
synthetic agar, dextrose synthetic agar, and nutrient f)otato agar, and 
by this means three of the eight strains were judged to be duplieat(‘s; 
the cultures were thus rediu^ed in number to five (Strains 1 . 2. 3. 4 and 5), 
all of which proved to be different from one another. 

Inoculation Experiments. 

The task before us consisted first in testing Strain 6 (from pitted 
scab) and the five strains (Nos. 1-5) from knob scab indimdtially, and for 
this purpose, it was thought desirable to use duplicate pots each con- 
taining three plants for inoculation with each strain. Secondly, it was 
necessary to carry out inoculations with as many combinations of the 
five strains (Nos. 1-5) as possible. It was obviously impossible to try 
all possible combinations since, if for each inoculation a maximum of 
only three roots were used, the number of plants required would have 
been too large to cope with. The multiph* inoculations were therefore 
limited to the possible combinations taking two strains at a time. From 
previous experience with potatoes it seemed that the most satisfactory 
method of inoculation in such an experiment was that of soil inoculation, 
but, again in order to spare the labour involved, it was determined to 
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use this method only for the individual inoculations and to carry out the 
dual inoculations by direct application of the inoculum to the growing 
roots. It was thought that in addition to the inoculations so arranged, it 
would be of great interest to test the effect of a potato scab producing 
Actinotnyces species on mangels and for this purpose the very virulent 
species A, scahiea (Thaxter) Giissow, emc^nd. M. and B., was selected and 
included in th(*. series of direct inoe.ulations. Finally, since before the 
direct inoculations were carried out it became obvious that Strain No. 6 
was proving positive in the soil inoculations, a direct inoculation with 
this strain was also made. 

For the soil inoculations 14 large plant pots were filled with soil 
which had previously been mixed with sand in the proportion of 2 parts 
loamy soil to 1 part sand. The mixture thus obtained was a light sandy 
loam in which Actinotnyccfi are known to thrive. Its lime requirement 
was ml. The ])otH were sterilised at atmospheres’ pressure for 15 
minut(*s and were then transfern^d to a previously sterilised greenhouse 
where the temperature varied from 18"^ to 20^ C. by day and from 
I to 1G° C. by night. Inoculations of the soil were nnnle with potato 
plug cultures of the various strains, using 20 cultures to each pot. These 
were buried to a depth of 4 in. and then cut and mixed with the soil 
by means of st<*ril<‘. scalpels. 

The mangel plants re(juired for the direct inoculations were grown 
in large boxes fi ft. long by 1 ft. deep filled with uiisteriliscul soil. 

The varieties of mangel selected for both series of inoculations were 
Yellow Globe ami Red Intermediate. The seed was first sterilised in 
a /jth per cent, solution of formaldehyde for 2 hours after which it was 
washed in distilled water and dried under cover on a porous plate. In 
order to ascertain whether this treatment had affected the germination 
of the seed adverselv, germination tests were carried out before sowing. 
Yellow Globe Mangel gave a germination capacity of 70 per cent, and 
Rial Intermediate 55 ])er cent. In sowing the seed in the pots, therefore, 
five seeds were placed in each of three shallow holes in the soil of each 
pot, whilst, in the boxes similar sowings were made at distances of 
8 in. apart. Eaich pot was given 15 gin. of a sterilised mixture of arti- 
ficial manure consisting of 1 part sodium nitrate. parts superphosphate 
and 3 parts kainit and the boxes were given proportionate quantities 
of the same mixture. When the seedlings were in their 3rd or 4th leaf 
they were singled, so that, finally, each pot contained three roots, one 
red and two yellow, and in the boxes similar groups of three were made 
by inserting thin strips of wood to a depth of 6 in, in the soil. 
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Direct inoculation of the plants in the boxes was carried out when 
the diameter of the bulbed roots was from 3 to 4 in. Each group con- 
stituted a unit for one mixed inoculation. The inoculum used was 
prepared by mixing emulsions made with sterile water of the two strains 
of Actinomyces. A band of damp cotton wool was tightly secured around 
each bulb at soil level and the emulsion was then poured on the root so 
that it lodged between the surface of the root and the cotton wool. 
The roots were not injured in any way before or after adding the 
inoculum. During the further period of the experiment the cotton wool 
around th(‘ roots was moistened from time to time with sterile water. 
It will be seen that in this procedure the possibility of natural infection 
of the roots from the soil was not excluded. One group of three roots 
was, however, left as (control and here sterile water in place of an 
inoculum was poured between the cotton wool and the root. At the 
time of making the direct inoculations the roots were perfectly free from 
scab and no scab developed on the three controls during the expcirimeiit. 
Moreover, the great majority of these dual inoculations gave negative 
results and we feel justified, therefore, in accepting such as were positive. 
These were abundantly confirmed by the soil inoculation results. 

It may be of interest to record that every plant left in the pots and 


No. of 
pot 

1 

2 

a 

4 

5 
H 

7 

8 
9 

10 

11 


V2 

Hi 

14 


Results of Inoculation Experiments. 


Inoculated 

with 

Actinomyces 

strain 

No. 

1 

1 

2 

•> 

3 

3 
1 

4 

5 
5 

a 


0 

Control 


iSeries 1. Soil Inoculution. 


Uebult 


Negative 


«» 


Positive, Producing mound Hcabs from 5 to 15 mm. 
diam. on Yellow Mangels only 
Positive. Ditto 
Negative 

9f 

Positive. Producing small dark pitted scabs on both 
Red and Yellow Mangcln and al»o forming nuinennis 
8cab nodules on the true roots. Some superficial 
scab was shown on the upper part of one root 
Positive. Ditto 
Negative 
** 
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Serien 2. Direct Inoculation. 


Ciroup of 
root8 

No. 

Inoculated 

with 

Ac(tnofu//re^ 

Mtraiii 

Nos. 


Result 

1 

1+2 

Negative 


2 

1+2 

»> 


a 

1 i 4 

IVmitivf. 

Very sniall raised scabs 

4 

1+5 

Negative 


3 

2 + 2 



6 

2 + 4 

Positive. 

A few minute scabs of mdefiiiito ty^ie 

7 

2 + 5 

Negative 

8 

24 4 

»♦ 


9 

3 + 5 



10 

4 + 5 

«* 


11 

0 

Positive. 

One large pitted scab on the Vellow 

12 

.4. wabiea 

Mangel 

rootlets 

Positive. 

with nuintuous nodules on the upi>cr 

SSmall bro\Mi pitted scabs on all tlm*e roots 


in the l)ox(»s after singling formed a good bulbous root which in some 
cases measured as much as 4 in. in diameter — this, too, during the 
period from December to July. 

The results from both series of inoculation experiments arc given in 
the above table. 

From these results it is clear that of the live strains isolated from 
mound scab, om* only. Strain 4, was pathogenic. Where used under the 
conditions of soil inoculation this strain produced scabs which were un- 
mistakably identical with the mound scab from which it was derived. 
A photograph of one of the infected roots from Pot 7 is given in Plate XX. 
fig. 3. In the mixed inoculations the same strain in combination with 
Strain 1 and with Strain 2 also gave weak positive results but proved 
negativ(» in combination with Strains 3 and 5. It is possible that at 
the time of these direct inoculations the roots were too old for infection 
to take place or that where it did occur the disease could not make 
headway. Strain 0, derived from the pitted scab, proved to be pathogenic 
in soil inoculations and also to a somewhat lesser extent in the direct 
inoculations, hi the latter, only the Yellow Mangel was attacked, but 
in the former both Red and Yellow varieties showed a number of small 
dark pitted scabs closely resembling the original. Some of the older 
scabs consisted of cork tissue raised unevenly above the surface, similar 
to those which, as already mentioned, occur on the naturally infected 
mangel. Again, on one root there was a considerable amount of super- 
ficial scab on the upper part. This modification is easily accounted for 
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when the development of this type of scab has been studied (see later 
section on the histogeny of pitted scab) since here, owing perhaps to 
the relatively dry conditions, the parasite has been unable to penetrate 
the first layer of cork laid down and the tissue above has dried off. 

A further and more important result arising from the soil inocula- 
tions made with Strain 6 was that the true terminal and lateral roots 
were also severely attacked by the organism. This attack showed itself 
in the form of numerous irregular, dark brown nodules of scab tissue 
scattered over the surface. The fine rootlets were similarly attacked 
for the most j)art at their bases where the nodules coalesced to form 
a slightly raised mass extending along the two longitudinal rows. 
This infection of the roots of mangel plants has not so far as we are 
aware been previously recorded and is of special interest in view of 
a similar infection which has been shown by Millard and Burr(i) to 
occur in the potato plant. A photograph of one of the affected roots 
from Pot II, Series 1, is shown in Plate XX, fig. 4. Lastly, from 
Series 2, Group 12, the interesting result Mas obtained that the potato 
scabbing organism A, smbies (Thaxter) Giissow, emend. M. and B., 
was also pathogenic and produced scabs identical in appearance with 
those of Strain 6. The Actinomyces Strains 1 and 0 were easily re-isolated 
from the artificially produced raised and pitted scabs respectively and 
are therefore regarded as the causative organisms of these two types. 

Definition of the Actinomyces Strains 4 and 6. 

The following media were selected for culturing these two organisms, 
the j»H being indicated in brackets: saccharose synthetic agar (6-8), 
glycerine synthetic agar (6-8), dextrose synthetic agar (6*8), calcium 
malate glycerine agar (7*0), dextrose (asparagin) agar (Krainsky) (6-8), 
nutrient potato agar (7*0), gelatin (to 7*4), egg albumen agar (7*0), 
potato plug, mangel plug, tyrosin agar (6-9), starch nitrate* agar, sac- 
charose synthetic solution (6*8). glycerine synthetic solution (6*8), 
glucose broth (7*1), brom-cresol milk (7-0). With the exception of gelatin 
(grown at room temperature) the cultures were incubated at a tem- 
perature of 24° C. for 4 weeks. In addition to the above cultures nitrate 
reduction and starch hydrolysis tests were carried out and also tests 
for growth under anerobic conditions and at a temperature of 37° C. 
The methods adopted in sub-culture and in recording cultural changes 
were those recommended by Millard and Burr (4) and comparison with 
the species defined by them was thus easily possible. Strain 6 proved 
to be identical with A. scabies (Thaxter) Giissow, emend. M. and B., thus 
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proving an identity between potato and mangel scab in respect of the 
pitted type of this disease. It is interesting to recall that the organism 
in question is that which produces root nodules on potatoes as already 
mentioned. The external effects produced by it on its respective hosts 
are therefore almost identical. No parallel could be found between 
Strain 4 and any recorded species and since also the cultural character- 
istics of this strain are very definite it has been given specific rank with 
the name of Actinomyces tumuli. A description of the more characteristic 
cultures of this species are given at the end of this paper, and a photo- 
graph of a few of these is shown in Plate XXI, fig. 5. 

The Structure of Raised and Pitted Mangei. Si^abs. 

An account is first given of the external features of these two types 
of scab. 

(1) Raised Scab. 

This consists of a mass of soft tissue 5 20 mm. in diameter rising 
2 -6 mm. from the surface of the mangel. Tin* sides of the scab are 
fairly smooth but the upper surface may be roughened with small 
black patches of skin-like tissue which easily flake off. In some of the 
scabs the sides rise at right angles to the mangel surface and may even 
be waisted in the manner of a door handle; the surface is then flat or 
concave. In others, the scab forms a mpund with gently sloping sides 
and the surface is convex. It seems possible then that raised scab should 
be subdivided into two types which Ave may call knob and mound scab, 
and detailed work on their mode of development and internal structure 
lends support to this view. If it be correct, then an interesting analogy 
is provided between the two types of raised scab arising on the mangel 
and those recorded by Millard and Burr(0 on the potato and ascribed 
by them to infection by different species of Actinomyces. In both mound 
and knob scabs a depression in the centre of the scab marks the point 
of infection. 

(2) Pitted Scab. 

This closely resembles potato scab of the same type and needs no 
further description than that given in the earlier part of this paper. 

Histogeny op Mangel Scab. 

The minute anatomy of mangel scab is so dependent on the peculiar 
mode of growth of the mangel root that it seems advisable first to give 
an account of this as described by Eames and MacDaniels(i). 
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"'The first cambium of the seedling forms a ring of bundles close about the primary 
xylem. A secondary cambium soon arises in the poricycle and this is followed in 
rapid succession by otliers arising similarly. All layers continue to function perhaps 
indefinitely, though more slowly after an early period of activity. The cambium 
apparently arises os a continuous band, but soon forms more or less separate bundles, 
bands of conjunctive parenchyma developing between the vascular strips. The 
position of e^ich new cambium as it arises in the poricycle is such that it encloses a 
few layers of pericyclic cells. I'hese rapidly multiply and build up a parenchymatous 
layer. Alternate bands of proliferated poricycle and of vascular bundles are thus 
formed. The former constitute the dark coloured and the latter the light colouretl 
rings in the beetroot. The bundles are themselves largely parenchymatous, but a 
few iignified cells occur in the xylem. Growth continues through all layers, in the 
bundles apparently both by cambium activity and by proliferation of the parenchyma 
of the xylem and phloem.” 

Again, discussing the function of the pericycle in roots on page 23 1 , 
“The pericycle is commonly a persistent structure in roots even where secondary 
thickening is well develo])ed. In such coses new cells are added by the division of 
the existing parenchyma so that the laycT is not rupturc'd by the growth beneath it.” 
“Its component cells are largely parenchymatous in their nature, and although they 
become permanent tissue early in the development of tiie root, they retain their 
ability to initiate new structures by the formation of secondary merisUmis.” “It 
is in the pericycle that... in the majority of cases the first periderm layer is formed.” 

In regard to the formation of scab it will be seen that it is the. 
capacity for proliferation of the parenchymatous cidls of the poricycle 
and the possibility for a poridorm layer to arise in this tis*suo which are 
of importance. It may be added that in a healthy mangel root the rind 
is composed of a cork layer from one to two cells thick. 

Mound Scab. 

Hand and microtome sections were first made of young scabs about 
5 mm. in diameter. The sections were stained either with safraiiin and 
Delafield’s hacmatoxylin or with Sudan III, and a microphotograph of 
one of these is shown in Plate XX 1 1, fig. 6. The scab tissue consists almost 
entirely of a thick layer of degenerate and heavily suberised cortical 
tissue in which large cavities occur. Below this the outermost layers 
of the pericycle show obvious signs of the beginning of meristematic 
proliferation by the appearance of cross walls in the cells. No cork or 
cork cambium is as yet present. It is here indeed that the mangel differs 
so markedly from the potato. Priestley and BebbingtoiKS) find that 
whereas, in a cut potato a cork meristem arises under favourable con- 
ditions in a few days, the mangel and beet take from 3 to 6 weeks. 
A similar difference is found between these plants in the formation of 
cork in response to Actinomyces attack. 
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Older scabs of 10 mm. diameter were next sectioned and a photo- 
micrograph of one of these is shown in Plate XXil, fig. 7. Here con- 
siderable proliferation of th(i perieyclic zone has taken place, which is 
greatest immediately below the 8(;at of infection and d(*creases in pro- 
portion to the distance from this point. Consequently, the scab tissues 
take on an app(?araiice of a mound with g(*ntly sloping sides. A cork 
layer has now been formed in the outermost layer of the pericycle, 
and as might be expected this is thickest at the central point of the 
scab where it shows 5-6 cells, and thinnest on the slopes where it shows 
only 1-2 cells. Above this cork there is, as before, a thick layer of de- 
generate and heavily suberised tissue which easily flakes off thus ex- 
posing a smooth cork layer. Lutman and Johnson oq suggest that this 
easily removable dead tissue consists of a thickened layer of cork but 
this is (uitirely in disagreenneni with our experience and is indeed very 
imj)robable on physiological grounds. The small black })latcs often seen 
on the surface of these scabs consist of fragments of this debris still 
adhering to tin* cork. It may be noted that the bundles in the outer 
vascular ring below the scab are poorly developed. 

Knob Scab, 

Here it seems that cork formation takes ])lace at a somewhat earlier 
stage in t he develo])ment of th(? scab and is moreover greater. Plate XX 11, 
fig. 8, shows a section through the centre of a knob scab where a plate 
of cork 6-8 cells thick has been formed immediately below the seat of 
infection. As in mound scab, increase in thickness of the pericycle ceases 
beneath the cork layer as soon as this has been formcnl, since further 
pressure from below would naturally t(*nd to rupture it. Apparently, 
however, in knob scab even when cork has been formed, the irritation 
stimulus of the parasite is not exhausted and the pericyclic zone con- 
tinues to proliferate with the result that there is a rapid upward and 
outward growth of the tissues on either side of the central cork plate. 
Thus the upper surface of the scab tends to become concave and the 
bulge of tissue to develop a waist. The pressure of this growth is often 
sufficiently great to rupture the normal surface cork layer. Eventually, 
a cork layer 12 ccdls thick arises in the outermost layers of this new 
pericyclic tissue along the steej) slopes of the scab. If, as seems probable, 
the mound and knob scabs are caused by two distinct strains of Actino- 
myces, then there is little doubt that that causing the latter exerts the 
stronger irritation stimulus. A common feature of the invading organism 
in both scabs is that it is unable to penetrate deeply into the tissues 
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but having established itself spreads laterally through the cortical 
tissues. 

A further interesting feature of knob scab is that one or more new 
vascular rings form in the proliferated pericycle of the scab tissue as 
seen in Plate XXII, figs. 8 and 9. The vascular elements in these adven- 
titious rings are often, however, poorly developed. Lutman and Johnson (3) 
state that in raised scabs on garden beet ‘‘the protruding portion is 
due to an excess in gro^vth of the rings directly under the infected spot,’' 
but in the field mangels with which we have worked we have not found 
this to be the case. Indeed, it seems clear from the Fig. No. 2 given by 
these workers that the protruding portion of the scab shown has 
originated by prolih'ration of the pericycle. It must be remembered, 
that at the time this work was published the view of De Bary 
was generally accepted that each zone of tissue, whether vascular or 
parenchymatous, in the growing root originatf'd entirely from the cam- 
bium of a vascular ring and this probably influenced the authors in the 
interpretation of their results. Again, whilst in the raised scabs we have 
examined, the scab tissues are definitely pericyclic in origin, a certain 
slight bowing out of the normal vascailar rings in the direction of tin* 
scab docs occur and it is not imj) 08 sible that tho nt*w rings laid down 
in this scab tissue may link up with the former giving a fallacious 
appearance of common origin. 


Pitted Scab. 

This form of scab is radically different in its develojiinent from the 
raised types and approximates much more clost*ly to the* jiitted scabs 
of potatoes. A section is shown in Text-lig. 1. Tin* invading organism 
ramifies in the cortical parenchyma and then j)enetrat.es de(*ply into the 
tissues easily passing through the outer vascular ring. It reduces these 
tissues to a vacuolated pulpy mass. In the meantime, no proliferation 
of the pericycle takes place as in mound or knob scab but, on the other 
hand, a very active cork meristem arises in the p(*ricycle from which 
a layer of cork up to 10 cells thick is ultimately formed. In the illus- 
tration given, this cork layer cuts across the outer vascular ring and it 
is thus clear that it is not formed from the normal cambium as suggested 
by Lutman and Johnson ( 3 ). Even this thick layer of cork does not 
suffice to check the organism which probably passes through it befon* 
suberisation can take place and frequently penetrates to the second ring 
of vascular bundles or even further. 

It is thus obvious that the tissue destruction caused by pitted scab 



W. A. Millard and Frkd Beeley 


307 


is much greater than that of the more noticeable raised scabs. In older 
scabs of this type the scabs become slightly elevated above the surface 
by the upward pnjssure of successive cork layers arising below the first. 



re\t-fijf. 1. Ratlml section throuv'li a pitU'd scab — drawn under the camera lucida. Magnification x95. 
{(t) l)isor}?aniHed and Mienolaled tissues of the eortcK and outer jxuieyele. {h) Cork layer (the outer 
cells of wliicli are stroll*:!) sulMwisod) passinj: from the oiitiu jMTieycle at the edpes of the scab through 
tlu' lirst vaHculiir ring into tiie second iicricyelic ring at the centre of the scab, (c) Penetration of the 
organism through the cork layer, {d) One bundle of the out ei vascular ring, (r) Second vascular ring — 
80 far, intact. 


Summary. 

It is shown that scab of mangels is of two distinct types— raised 
and pitted. The raised type may be further sub-divided into two which 
are called mound and knob scab respectively. These latter types appear 
to develop more commonly on yellow-skinned varieties. 

Investigation of the development and structure of these scabs reveals 
a striking difference in their origin. In mound and knob scab the first 
response of the host to parasitic attack is an active meristematic pro- 
liferation of the outer pericycle which forms a mound-like protuberance. 
Some time afterwards— not less than a month— a cork raeriste'm arises 
in the outer layers of this new pericyclic tissue and the mound becomes 
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capped with a layer of cork several cells thick at the apex and very thin 
over the slopes. In mound scab no further growth seems to occur but 
in knob scab the pericycle continues to proliferate and the new tissue, 
prevented from growing directly upwards, gives rise to the overhanging 
bulges so characteristic of this type. For the same reason the surface 
of this type of scab tends to become concave. 

It is thus shown that raised mangel scabs arc not formed from the 
cambium of the vascular rings. On the other hand, the normal vascular 
rings may bow out slightly towards the scab tissues and one or more 
adventitious rings of vascular bundles frequently arise in the proliferated 
pericycle of the scab tissue. 

In both types of raised scab the outer dead tissues easily flake off 
thus exposing a smooth corky surface, but portions often remain adhering 
to this in small black patches. The point of infection in both scabs is 
marked by a central depression in the wart. 

In pitted scab no proliferation of the pericycle takes place and thus, 
at first, a shallow pit is formed. A cork meristem then arises in the outer 
pericycle giving rise to a saucer-shaped cork layer up to 10 cells thick. 
This is frequently penetrated by the organism which may reach and 
destroy the first and possibly the second vascular rings at the seat of in- 
fection. Further and more deeply seated layers of cork then arise and the 
scab tissues are thereby forced upwards forming a wrinkled, corky scab 
slightly raised above the surface. Pitted scab formation in the mangel 
is thus very similar to that of the ordinary type of common scab in 
potatoes. 

From mound scab a strain of Actinomyces has been isolated which 
reproduced the same type in inoculation experiments. The more out- 
standing cultural characteristics of this strain have been described and 
since it is new to the bterature and appears to merit specific rank it 
has been named Actinomyces tumuli. 

From pitted scab a strain of Actinomyces was isolated which also 
reproduced its own type in inoculation experiments. In addition, in 
these experiments the organism attacked the true roots and fibrous 
rootlets of the inoculated mangel plants on which it produced numerous 
characteristic, dark brown, nodular outgrowths. 

This organism proved to be identical with A. scabies (Thaxter) 
Giissow, emend. M. and B. The same type of scab was produced in 
inoculation experiments with a stock culture of this organism. 
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Description of the more characteristic cultures of Actinomyces 
Strain 4 — A. tumuli. 

The cultures were examined at weekly intervals and the descriptions 
given below record the more outstanding changes which occurred during 
four weeks. The numbers used to indicate these changes often approxi- 
mate to, but do not accurately stand for weekly changes. 

Colours given in inverted commas are taken from Ridgway’s Color 
Standards and Color Nomenclature. 

Solid Media. 

Saccharose synthetic agar. 

Colonies. Small, with liowl-likp projections into medium. 

Cronih. Fair, “Pale Smoke (Jrey” becominj< darkly opaque. 

Aerial mycelinm. Arises on centre of colony; later, general. (1) White; (2) “Pallid 
Neutral Grey.” 

(hiUation, Golourless drops leaving small black craters. 

Pigment, None. 

Glycerine synthetk’ agar. Plate XXL fig. r> (I). 

i'olonies. Raised centres with wide flat rims; round, forming hemispherical 
growth in medium. 

(irowth. Fair; later, good. 

Aerial mi/celium. Scant at first, borne centrally; later, general; white. 
thUlation. At first numerous small colourless drops; later, coalescing to form 
sector-shaijed drops; leaving a circle of black craters giving the colony a 
wheel-like appearance. 

Pigment. (1) “Ecru Olive”; (2) “Tawny Olive." 

Dextrose synthetic agar. Plate XXL fig. 5 (2). 

Colonies. Large round, with lieraispherical growth in medium. The centres of 
the colonies become wrinkled and a flat margin develops. 

Growth. G(X>d, “Pale Smoko Grey.” 

Aerial mycelium. Arises in concentric rings round a dark l)are centre; later, 
general, on margin only. White. 

Gnttalion. None. 

Pigment. (1) “Buffy Olive”; (2) “Tawnj" Olive.” 

Calcium malate glycerine agar. Plate XX I, fig. i> (*1). 

('olonies. Finely fringed; hemispherical growth in medium. 

Growth. Fair; later good. “Pale Smoke Grey.” 

Aerial mycelium. Annular at first; white; later, general, “Pale Smoke Grey.” 
GuttcUion. A ring of small droplets on eaeh colony, leaving ring of craters, 
pigment. Faint bro^v^i8h, 
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Dextbose aspabagin agab (Krainsky). Plate XXI, fig. 5 (4). 

Colonies, Raised, with bowl-like growth in medium, margins finely fnnged. 
Growth, Fair, later, good. “Pale Smoke Grey.” 

Aerial mycelium, (1) On fringe only, white; (2) genera], “Pallid Neutral Grey.” 
Guttalion, Arising after second week; minute colourless drops leaving minute 
craters. 

Pigment, Slight. “Ecru Olive.” 

Nutbient potato agab. Plate XXI, fig. 6 (5). 

Colonies, ITmbonate with broad fiat margin and bowl-like growth in medium. 
Grotvth, Good, lustrous, slimy. “Pale Smoke Grey.” 

Aerial mycelium. None. 

Gultation, None. 

Pigment, None. 

Gelatine. 

Growth, Beaded with clump at base of liquefied basin. 

Aerial im/celium. None. 

Liquefaction, Stratiform, complete in two weeks, followed by digestion and pro- 
duction of clear liquid. 

Pigment, None, 

Egg albumen agar. 

Grofvth. Good, ramifying into medium. 

Aerial mycelium. Arises in centres of colonies, white; later, general, dull white 
to “Pale Smoke Grey,” 

Guttalion, Small colourless drops leaving dark craters. 

Pigment, None. 

Potato plug. Plato XX T, fig. 5 (fi). 

Growth, Heavy, slimy, puckered, black. Later, a fiat margin of “Greyish Olive” 
growth appears. 

Aerial mycelium. None. 

Colour of plug. Greyish brown. 

Mangel plug. 

Growth. Good, pale, translucent, raised. 

Aerial mycelium. At first, scanty, white; later, abundant, “Pallid Mouse Grey.” 
Tybosin reaction. Negative. 

Growth under anaerobic conditions. None. 

Starch plate. Positive. Width of hydrolytic zone complete 10 mm., incomplete 
15 mm. 

Nitrate reduction. Positive. Width of colour zone, 20 mm. 

Growth at 37® C. None. 

Liquid Medu. 

Saccharose synthetic solution. 

Growth. Fair, star-shaped colonies at base and on sides of tube. 

Surface growth. None. 

Pigment. None. 
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Glyobbinb synthetic solution. 

Qrowth. Fair, dense star-shaped colonies at base and on sides of tube. 

Surface growth. None. 

Pigment. None. 

Glucose broth. 

Growth. Fair, largo white spherical colonies at base. 

Surface growth. None. 

Pigment. None. 

Bbom-crbsol milk. 

Growth. Fair; later, good. 

Aerial mycelium. None. 

C<xiguUttion. Definite clotting. Colour of clot “Water Green.” 

Digestion of clryf. Slight. 

Colour of medium. (1) “Court Grey”; (2) “Water Green.” 
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EXPLANATION OF PLATES XIX— XXII. 

Fig. 1. Raised scab niainly of knob tyjio (natural infection) on Golden Tankard mangel. 
Fig. 2. RaiM'd and pitted scabs (natural infection) on Red lntc*rrnediatc mangel, (f/) Young 
pitted scabs. 

Fig. 3. Mound scab on Yellow Globe mangel produced by inoculation with Actinomyces 
Rtrain 4 (Senes J, I*ot 7). The scab on the right has been scooped out for inoculum 
in reisoiating the organism. 

Fig. 4. Knot inf(*ction produced on Red Intermediate mangel by inoculation with Actino- 
myces Strain b (Series I, Pot 11). Note* also tlie swollen tissues around the bases of 
the root lets on the “bull)” caused by coalescence of the scab nodules. 

Fig. .5. Cultures of AcHiwmyces tumuli on (1) glycerine synthetic agar, (2) dextrose syn- 
thetic agar, (3) calcium inalaU* glycenne agar, (4) dextrose asparagin agar, (5) nutrient 
])otuto agar, ((>) jmtato plug. 

Fig. b. Radial section through a young mound scab showing (a) disorganised cortical 
tissue. (/)) mcrisUunatic activity commtuicing in tlie outt'r layers of the })ericvcle. 

Fig. 7. Radial section tlirough an old mound scab showing {a) disorganised cortical 
tissue, (b) cork layer heavily suberised, (c) proliferated puicyclc forming scab tissue, 
(d) oiiUt vascular ring of the root in which the vascular elements are poorly developt*d. 
Fig. 8. Radial section through centre of a knob scab showing (n) disorganised cortical 
tissue, (6) cork la>er heavily 8ul>cii8ed underlying the affecU*(l area, (r) proliferated 
peneyclc, (d) lateral and upward outgrowth formed by the proliferating pericycle, 
(c) adventitious vascular ring formed in the scab tissue. 

Fig. 9. Radial section through outer part of knob scab showing waist, (a) Disorganised 
cortical tissue, (/>) proliferated pericycle on the outer edge of which is a cork layer 
1-2 cells thick, (r) adventitious vascular rings formed m the scab tissue. 
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Introduction. 

Although much attention has been paid in Canada and the U.S.A. to 
the study of the bionomics of Hylemyia brassicae, the cabbage root fly, 
it has been almost entirely neglected by the entomologists of this country 
and in spite of its long-continued and injurious depredations no detailed 
account of the fly in the British Isles exists. The writer therefore presents 
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this study of the cabbage root fly and its parasites in the hope that it 
will fill a gap in the knowledge of the injurious root-feeding insects of 
the country. 

The writer is indebted to Mr H. Britten, Mr J. E. Collin, Mr G. T. 
Lyle and Dr J. Waterston for their kind assistance in the identification 
of many of the insects concerned in this study, to Mr James Wood for 
collecting material and to Miss Maud Jepson for her help in preparing 
the text-figures. 

Synonymy. 

Bezzi and Stein (7) refer to this fly as Chortophila brassicae Bouche, 
giving as synonyms Anthomyia appendicul/ita Big., A, jloccosa Macq., 
A. floraUfi Fall, and A. Dillipes Zett. In 1813 Curtis (3) described an 
insect which he bred from cabbage roots as Anthomyia radicuin which 
was probably //. brassicae. Gordon Hewitt («) however describes an 
insect under this name which is obviously different from that described 
by Curtis. Seguy ((ii), pp. 107 8) also gives a description of Anthomyia 
radienm under the genus Chortophilu sub-genus Paregle. Slingerland(i2) 
gives a detailed historical account of the synonymy of H. brassicae. 
He, like other American and Canadian writers, refers to this insect as 
Phorbia brassicae, Phorbia being synonymous with our genus Chortophila, 
In 1923 KSeguy(ii) placed this fly in the genus Hylemyia^ calling it 
Uylemyia brassicae Bouche. This would appear to be the (jorrect genus 
as Uylemyia aMiqua, the onion fly, a very closely allied form, has long 
been placed in the same genus. To be consistent therefore with an 
earlier papcr(i3) the writer has referred to the cabbage root fly throughout 
this work as Uylemyia brassicae Bouche. 

Method of Study. 

The work was carried out in Lancashire and Cheshire, and the insect 
was studied in the field, inscctary and laboratory. After some un- 
successful attempts the fly was induced to breed in captivity under the 
following conditions: cabbage and cauliflower plants were grown in 
12-inch pots, over each was placed a glass cylinder, 2.J ft. long with a 
diameter of 10 in., the top of the cylinder being closed with a piece of 
muslin. The insects were put into these breeding cages and were fed 
upon sugar and water. Under these conditions it was possible to breed 
a continuous series of flies throughout the season, and good opportimity 
was thus afforded for observing times of emergence, duration of the 
various periods, number of generations, etc. 
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Much detailed observation was also made of the insect in the field 
upon the crucjiferous crops of the counties and upon a large plot of 
cabbages and cauliflowers grown for this purpose. 

Description and Duration of Stages. 

TJie Egg, 

The egg is white and easily visible. In shape it is cylindrical, one 
end being pointed, the other somewhat truncated : in length it measures 
about ] mm. and is less than half that in width. The shell or chorion is 
sculptured into longitudinal ridges; dow^n one side of the egg for three- 
quarters of its length run two well-marked parallel sutures. Bctw(ien 
these sutures is a somewhat depressed area in which the ridged sculp- 
turing is less pronounced than that in the rest of the chorion. When 
the egg hatches, the smoother area between the sutures is })ushcd out, 
the larva emerging at the truncated end where the space between the 
sutures is widest. 

Duration of Egg Stage. From a number of observations in field and 
laboratory, it would appear that from four to five days is the normal 
duration of the egg stage. A fly was observed ovipositing on young 
cabbage plants in the field on May 31st. After some half dozen eggs 
had been laid, they were collected and placed under observation in the 
laboratory. They hatched in the early hours of the morning of June 4th. 
Similar observations a week later also gave an average duration of the 
egg period as four days. This length of time however may vary as in 
some cases, especially the second generation, the length of the egg period 
was reduced to three days. 

The iMrva, 

First Instar. On hatching from the egg the young maggot measure's 
slightly over 1 mm. in length. It is curved, white in colour and the 
segments and tubercles are distinct. In this stage there arc no anterior 
spiracles and the buccal skeleton differs slightly in appearance from that 
of the second and third instars. Text-fig. 1 is a drawing of the first- 
stage larva. 

Second Instar. The second-stage* larva measures from 2 to 4 mm. in 
length. Both anterior and posterior spiracles arc now present but the 
posterior spiracles differ from those of the third instar in having only 
two openings in each spiracle instead of three. Vide Text-fig. 4 B. 

Third Instar. The third-stage larva varies from 2 to 8 mm. in length 
and from 1 to 2 mm. in diameter. It is white, tapering at one end and 
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Fig. 3. l*ost<*rior Hcgiiionts of Fig. 4. Posterior spiracles. A, mature larva, 

mature larva showing ar- B, seeoiici-stage larva. In li the thml spira- 

rangement of tubenjies. cular opening is in process of Uung formed. 
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truncated at the other, the caudal end. The integument is somewhat 
smooth and shining; this fact constitutes a point of difference between 
it and some other maggots of similar habits. At the anterior end there 
is a strong buccal skeleton, the lateral plate being forked, vide Text-fig. 2. 
The anterior spiracles consist of a pair of fan-shaped organs situated 
laterally containing from 11 to 13 processes. The number of these pro- 
cesses is not constant even in individual larvae, occasionally 11 being 
present on one side and 13 on the other. The number of these processes 
varies between 10 and 13 in the mature larva and possibly rather fewer 
in the second-stage larva. There are two pairs of tubercles surrounding 
the buccal opening. At the posterior end there is a caudal corona con- 
sisting of six pairs of tubercles, while a seventh pair is situated ventrally 
neu,r the anus. The outstanding feature of this corona is the pair of 
bifid or forked tubercles on the ventral rim of the last segment, these 
forked tubercles are important in the identification of this hirva, cf. 
Figs. 7-10. The arriingemcnt of the caudal tubercles is illustrated in 
Text-fig. 3. In the centre of the caudal disc arise the knob-like posterior 
8])ira(jles which are the external openings of the tracheae, th(‘y are 
brownish yellow in colour, heavily chitinised and each one opens with 
three slits. Text-fig. 4 is a drawing of these posterior spiracles showing the 
slit-like openings. 

Duration of Larval Life. In 12 series of larvae of the first and second 
generation under observation in the insectary, for th(j duration of the 
larval stage, the periods varied between 19 and 25 days with an average 
of 23 days. Observations on the earlier maggots of the third generation 
gave an approximately similar period but a considerable proportion of 
the later maggots of this generation took much longer to pupate, some 
existing in the larval condition for as long as 35 days. 

From observations made the writer considers it possible that some 
larvae of the third generation may hibernate as such. A number of 
maggots hatching from a batch of eggs on September 4th fed normally 
till the 21st of the month, being by that time nearly full grown. A spell 
of cold weather then set in and the maggots ceased feeding and appeared 
to rest in a state of suspended animation. One larva was removed to 
the greater warmth of the laboratory where it immediattdy pupated, a* 
week later a second was removed under similar conditions with the same 
result. Meanwhile of the remaining larvae, each one had hollowed out 
a small cell in the cabbage root where it remained till the end of the 
first week in October, when the temperature rose and the larvae com- 
menced to pupate, the last one transforming on October 11th. It is of 
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interest to note that examination of these quiescent larvae showed 
them to be of unusual size and to be provided with a large quantity 
of fat as if in preparation for a long rest. It is thus possible that the 
maggots found in cabbage roots during November and December are 
hibernating, although all maggots in the insectary had pupated by 
October 25th. 


The Puparium. 

The puparium is a seed-like object rounded at both ends. It is very 
variable both in size and colour, the more 
normal specimen measuring 6 -7 mm. long 
by 3 mm. broad at the centre and being of 
a reddish brown colour. Often however 
puparia are found of approximately half 
this meiisurement, the variation in size being 
probably governed by the amount of food 
available for the larva. The colour also 
varies from deep red to light brown. The 
integument of the puparium consists of the 
hardened skin of the larva, and some larval 
characteristics are still visible in the shape 
of the bifid tubercles at the posterior end 
of the puparium and the spiracles at the 
anterior end. Text-fig. 5 is a drawing of 
the puparium. 

Duration of the Pupal Stage, That the 
length of the pupal period is very variable 
Ls shown by the following observations. 

Out of a total of 51 first-generation pupae, 

29 gave an average duration of 15 days, the 
remaining 22 gave an average period of 35 
days, the longest time of this generation 
being from June 29th to September 6th, 
i,e, 69 days, and the shortest period from 
July 8th to July 19th, i,e, 11 days. From 
a similar series of observations oil the 
second-generation pupae the average period 
was 15 days, the longest period being 18 
days and the shortest 7 days. A consider- ^ 1 

able proportion of this brood did not hatch 




318 A Stiiily ofU.. brassicac, the Cabbage Root Fly 

until the following year. The third-generation pupae hibernated in toto, 
giving rise to adults in the following spring. 

The Adult. 

Male Fly. The size is variable, averaging 6 mm. It is dark grey in 
colour with lighter markings. The eyes are sub-contiguous and occupy 
the greater j)ortion of the head. Dorsally the thorax possesses three 
well-marked longitudinal bands, the centre band being continued over 
the abdomen which is rather small and tapering. The squamae are large, 
wing veins brown. The legs are black with a cluster of bristles on the 
hind femora, while the whole fly is thickly covered with black bristles. 

Female Fly. Eyes widely separated, body much lighter in colour 
than the foregoing, abdomen broader and more pointed, legs brownish 
grey without the tuft of bristles characteristic of the male. As a whole 
the female fly is less bristly. 

Duration of Life of AduU. When fed on sugar and water the flies 
lived in captivity for considerable periods; both sexes lived for as long 
as 35 days, and in one or tw^o cases even longer. Duration of life in the 
male ranged from 9 to 35 days and in the female 14 to 38 days. If no 
food was provided the male flies commenced to die after, 3 days and the 
females after 4 or 5 days. It may be of some interest to note in this 
connection the extraordinary degree to which the flics in captivity, 
especially the females, would gorge themselves upon the sugar and water 
supplied to them. The writer had under observation two females which 
had become enlarged by this procedure to almost twice their normal size. 
The abdomen was distended until it was nearly circular, the proboscis 
was extended and could not be withdrawn, and the antennae were fixed 
in an abnormal upright position giving a horned appearance to the 
insects. These two flies were removed, placed in an empty glass vessel, 
and kept under observation. After 2 or 3 days the swelling began to 
subside, until, a week after their transfer to the empty jar, the flies had 
resumed their normal appearance, apparently little the worse for their 
adventure. This desire for sugar might be profitably employed in the 
use of a poison bait on the lines of that so often recommended for the 
onion fly. 

Total Length of Life-cycle. From observations made in the insectary 
upon flies bred in captivity, the average length of the life-cycle from 
egg to adult would appear to be 46 days, with a minimum observed 
period of 37 days and a maximum of 53 days. 
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LirE-HlSTORY AND IIaBITS. 

Number of Generations. 

There arc three generations of II. brassicae in the year. By the 
method of coutinnons breeding adopted in this study, it was possible 
to observe the number of broods per season with considerable accuracy. 
As in th(' case of II. antiqua, the onion fly, a closely allied insect, there 
is no sharp line of tlemarcation between each brood, and larvae of the 
second generation were often still feeding at the same tirm; as larvae 
of the third brood. Similarly some second-generation adults were still 
hatching during the period of maximum emergence of the third -genera- 
tion adults. The flies of the first generation hatching from the over- 
wintering puparia begin to appear about the end of the s(H*-ond week in 
May, the earliest record for this district being May 14th. 

In the present year (192()) females were first observed ovipositing 
on May .‘list. The first fly of the second generation hatched in the 
inseetary on June 29th. the time of maximum emergence Ixdng from 
July 8th to July 18th, although flies of the second brood continued to 
emerg(‘ at infrei|U(*nt intervals throughout August, the last to emerge 
app(‘ariiig on September fith, after having pupated on June 29th. The 
first adults of tin* third generation eommene(‘d hatching on July 27th, 
the period of maximum (miergence being from August 7th to 13th. 
The third generation continued to emerge throughout August up to 
the second W{‘ek in Sej)ttunber, the last adult female observed being 
collected in the field on Sejdember 29th. This fly died almost imme- 
diately, all the eggs having been deposited as was revealed by an 
examination of the insect's oviducts. It is of interest to note that a 
considerable j)roj)ortion of the second-generation pupae which normally 
should give rise to third-brood flies did not hatch at all in the year of 
pupation but nunained in the pu])al condition until the following year. 
This same phenomenon is to be found in the case of other root-feeding 
species. 

Reproduciion. 

Oviposition. Prior to laying her eggs the female fly examines the 
soil surrounding the stalk of the cabbage or other cruciferous plant, 
prodding and testing the cracks with extended ovi{)Ositor. As a rule 
the eggs arc deposited on the stem at, or just below, the soil level. Often 
however they are ])laced in the soil immediately surrounding the stalk 
or in the cavity between stalk and soil. The number of eggs deposited 
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at oDe time varies from two or three up to a dozen or more ; one female 
fly under observation deposited six before moving away to fresh plants. 
These remarks apply chiefly to the first two generations of flies; in con- 



Fig. 6. Larva of Phymmyza nijipiis Meig. anU^rior spirados. poHttJriur spiracles. 



Fig. 8. Dipterous larva from cabbage stcun. Ibobably a feeder ou decaying matter. 

Up., spmc's. 



Fig. 9. Diptc*roiis larva from cabbage stem. Probably a feeder on decaying matter. 



Fig. 10. Larva of H. brasaicac for comparison with Figs. 0-9. A.ap.^ anterior spiracles, 
posterior spiracles. B.Tl., two bifid tubercles. 


sidering the egg-laying habits of the third generation and especially the 
latterly hatched flies of this brood, a somewhat different habit is re- 
vealed. On the three days September 15th~17th the writer collected 
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160 eggs from the following situations — deposited singly or in pairs at 
regular intervals along the midrib and larger veins of cauliflower and 
cabbage leaves, in fair numbers on the cut surface of cauliflower stems 
where the head had been removed, and also inside the cauliflower head, 
one or two eggs on each stalk of the inflorescence. These eggs were 
collected and kept under observation in the laboratory in order that their 
identity might be definitely established although external examination 
revealed no difference from the normal eggs of U, brassicae. Of these 
eggs a considerable proportion hatched into the cabbage-root maggot, 
‘there were also however larvae of different species of Anthomyids {vide 
Text-figs. 6-10), which latter had probably been induced to oviposit by 
the beginnings of d(H*ay in the plants in question. If further proof be 
needed, the presence of H. brassicae larvae in the midrib and large veins 
of cauliflower and cabbage leaves in late September seems indicative of 
a difference between the egg-laying habits of the third generation and 
of the two preceding it. The fact that in the autumn the stems of 
Brassicas are hard and woody is probably sufficient reason for a change 
in the place of egg deposition. Theobald (15) describes cases of /7. brassicae 
larvae in the midribs of cauliflower and cabbage leaves and Gibson and 
Trelieriie ((5), p. 24) also mention that they have observed the eggs of 
this fly deposited on the fleshy leaf stalks, though apparently they arc 
of opinion that this is a rare occurrence. 

Pre'oviposition Period, The following observations were made on 
the time elapsing l)etween date of hatching and date of ovi position. 

Adults emerged July 9th, eggs deposited July 18th 
„ 10th, „ „ i9th 

,, Aug. 8th, „ Aug. 15th 

,, 15th, „ ,, 21st-22nd 

Another batch of adults hatching on August I8th was noticed in coitu 
on August 26th, the eggs being deposited 24 hours later, i.e. August 27th. 
Females dissc'cted 5 days after emergence were still immature but others 
dissected 8 days after hatching possessed some mature ova. From these 
observations the pre-oviposition period would a])pear to last between 
7 and 8 days. Gibson and Trehernc ((5), p. 27) put the period at 6 days, 
and Schoene(iO) from 3 to 5 days. 

Pupation, 

Pupation takes place in the soil surrounding the roots of the host 
plant, though occasionally puparia arc found adhering to the root itself. 
In an examination in the field of a large number of infested plants the 
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majority of puparia were found at a depth of 3 to 5 in., while some, 
particularly of the later broods, were as deep as 8 or 9 in. Occasionally 
the larvae migrate laterally and puparia may thus be found near the 
surface of the soil 3 or 4 in. away from the plant. The adult insect seems 
able to emerge through a considerable depth of soil; in the laboratory 
pupae placed at the bottom of tall glass cylinders gave rise to flies 
which emerged easily through the 7 in. of soil superimposed. 

Ilibermtion. 

The most usual method of hibernation is undoubtedly in the pupal 
stage. There is however certain evid(nice that the larvae may also 
hibernates The writer has observed on several occasions large larvae 
with an unusual accumulation of fat in cabbage roots during October. 
These larvae did not aj)i)ear to be feeding but remained motionless in 
small cells in the tissue. There is no doubt that a low temperature 
influences the larval develojmient, and even if the larvae do not actually 
hibernate, they an? (capable of remaining in a state of suspended anima- 
tion for considerable periods before finally pupating. Mil(\s(!)) records 
the larvae feeding in the heads of cauliflowers as late as November. 
These larvae had probably (lovelo])ed from eggs deposited in the h(^ads 
of the cauliflowers by late-hatched flies of the third g(meration. (Tibson 
and Treherne(5) and Schoene(io) also state that tln^y have found larvae* 
throughout the wint(*r. It is thus reasonable to })ostuIate that a small 
percentage of larvae do hibernate but in the writer’s opinion they are 
capable of surviving only mild winters. 

As regards hibernation in the adult form, evidence on this point is 
very scanty. Various writers have at different times put forward the 
view that the adult flies do survive the winter, but up to date no con- 
vincing evidence has been offered on this point. There is no doubt that 
the puj)al stage is the usual condition for hibernation. 

Feeding Habits of Larva and Injuries to Plants. 

On hatching from the egg the young larva as a rule makes for the 
root just below soil level, bores into the corte^x and tunnels up and down. 
A plant is usually able by throwing out adventitious rootlets to with- 
stand attack by a few maggots only, but where a dozen or more are 
present the whole root becomes hollowed out and the plant cpiickly dies. 
Although the name ‘*root maggot” has been applied to the larvae of 
//. brassicae, the root is by no means the only, though possibly the most 
common, habitat of these maggots. The writer has had experience of a 
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field of cauliflowers which, although apparently otherwise healthy, yet 
were entirely blind. An examination of these plants revealed the presence 
of H, brassicae larvae in large numbers feeding at the apex of the stem 
and thus preventing the formation of the head. The roots however of 
these cauliflowers were quite healthy and untouched by the larvae. This 
habit of feeding in the h(jads of cauliflowers is more typical of the late 
brood, as is revealed by the oviposition habits of the third generation. 
The larvae have also been observed feeding in the growing points of 
turnips. In autumn, when the roots of cauliflowers and cabbages are 
hard and woody, the later larvae of the third brood may sometimes be 
found tunnelling in the midrib and large veins of Brassica leaves and 
also at the leaf bases. Tn October the writer has found the larvae to 
be more common in turnips than in Brassicas. 

Injury to host plant depends therefore on the place of attack and 
numb(T of maggots atta(;king. From an examination in the field of 
some 200 infested cabbage plants, the number of maggots in the roots 
varied from 9 to 46. Oibson and Treherne ((rj), p. 21) have found up 
to 127 maggots in a singk' plant, but suc.h a large number is unusual in 
this country. The symptoms of maggot attack at the roots of Brassicas 
are characteristic. The plant first of all becomes limp and flaccal, the 
leaves turning bluish, later becoming yellow wdth complete collapse in 
a bad attack, 

//. hrasfiime larvae may therefore be looked for in the following 
situations: (r/) In the roots of (Vuciferous plants, the most usual mode 
of attack, (b) In tlie growing point of turnips and of cauliflow'crs before 
the head is formed, (c) In the inflorescence of cauliflowers, (rf) In the 
midrib and larger h'af veins of Brassicas. This last mode of attack 
should not be confused with that by another species of Dipterous maggot 
{ride Text-fig. 6) which normally tunnels in the midrib of Brassica leaves. 

Food Plants, 

The food plants of //. brassicae seem to be confined almost wdiolly 
to the Cruciferae. The larvae occiu* commonly in cabbage, cauliflow^er, 
brussels sjuouts, kale, radish, turnips and swedes and the writer also 
has had experience of their feeding at the roots of stocks. Leaflet No. J 22 
of the Ministry of Agriculture gives several wdld tVuciferous plants as 
hosts of this maggot, such as shepherd’s purse, charlock, hedge mustard, 
etc. Chittenden (2) records celery as an occasional host plant and Gibson 
and Treherne ((r>), p. 20) give instances of damage to beet. As a rule 
however Cruciferous plants only are attacked. It is doubtful whether 
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there is much preference for attack within the varieties of Brassicas; 
the fly chooses young and tender plants of cabbage, cauliflower, or 
brussels sprouts apparently indiscriminately. A field of young sprout 
seedlings growing alongside a field of young cabbage was observed to 
be quite as heavily infested as the latter. Probably however, when the 
sprouts arc more mature, infection is less common than with other 
Brassicas. 

Other Species of Dipterous Larvae found accompanying the Maggots of 
H. brassicae in Cruciferous Plants, 

It does not lie within the scope of the present paper to give a de- 
tailed description of the other Dipterous pests of Cruciferous plants. 
Such description would entail a considerable amount of further study 
on a subject concerning which little is known. Nevertheless the writer 
considers it worth while to put on record the following facts concerning 
four other species of Dipterous larvae which were found associated with 
H, brassicae in Cruciferous plants. 

Phytomyza rufipes Meig. (J. E. Collin det.). The larva of this insect 
was found in the upper part of the root of Brassicas and in the leaf 
bases ; the largest number however was found tunnelling in the midribs 
of cauliflower and cabbage leaves. It is a smooth shining maggot about 

6 mm. long when full grown. Each segment is strongly differentiated in 
the mature larva by a concentric ring of small spines surmounting each 
segmental swelling. The anterior spiracles stand well out from the body, 
and the posterior spiracles arc directed downwards and backwards, 
forming a distinctive character by which the larva is easily identified. 
There is a complete absence of tubercles. These larvae were found 
causing considerable damage to the leaves of cauliflowers in autumn, 
the blackened borings in the midrib being distinctly visible from the 
exterior. More serious damage is occasionally done to young cauliflowers 
through these maggots boring in the head and causing blindness. Text- 
fig. 6 is a drawing of this larva. The puparium is to be found in large 
nun^bers in the soil in company with those of //, brassicxie. It is seed-like 
in appearance, of a light brown colour and measures about 4 mm. in 
length. Most of the larval characteristics are still visible, particularly 
the anterior and posterior spiracles, and it is also possible to make out 
the segmental rings of larval spines. The adult is a small fly measuring 

7 mm. across the wings, antennae very short and broad, yellow in the 
male, arista long and bare, head brownish with some white markings 
round eyes, bristles sparse. There is a small black raised area containing 
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spines situated between the eyes, legs and wing veins brown, thorax 
greyish with a number of long bristles sparsely set. Four pairs of long 
spines form two ill-defined rows down the centre of the dorsum, scutellum 
large, halteres yellowish white, abdomen greyish, thickly set with bristles. 
Female with black antennae, except for the extreme edge, which is yellow. 

The eggs are inserted in the tissue of the leaf blade, the place of 
oviposition being marked by a small whitish ring. The larvae live mostly 
in the midrib and leaf l)ases, occasionally being found in the stem and 
growing points of young plants. Pupation takes place mostly in the soil, 
though puparia have occasionally been found in the leaf veins. There 
appear to be three or four generations in the season, adult flies being 
plentiful from May to October. The larva is heavily parasitised by 
Dacmisa stramitm'pes Halid. (Plate XXIII, fig. 4) which also parasitises 
the larva of //. brasdea^^. Theobald (iro refers to a fly which he bred from 
Crucifers as Phylowyza fimyicornis Meig., this is probably the same insect. 
The second type of larva sometimes found associated with //. lyrassicae 
occurred on two occasions in the root of Brassicas. This larva (Fig. 7) 
resembles the cabbage-root maggot somewhat, but there is a considerable 
difference in the character of the larval skin. In H, hrassicae it is smooth 
while that of the species under observation is muricatc or shagrecned, 
being entirely covered with minute spines. The caudal tubercles also 
differ in their arrangement, there being only one bifid tubercle. The 
writer failed to breed the flies from these larvae and so cannot state the 
species. Keilin, however(H), records finding larvae of a different type 
feeding in the roots of Crucifers; these gave rise to a new species of fly 
which was named Chortophila pilipyga Villcneuve, and later re-named 
by Seguy(ii) as Hylcmyia pilipyga. It is possible that these rough- 
skinned larvae may be the maggots of the same insect. 

The other two types of larvae are illustrated in Text-figs. 8, 9. 

These two species of larvae were only present in cabbage stems in 
which there was a certain amount of decay and the writer considers 
them to have been living mainly upon decaying tissue and not to be 
of true phytophagous habit. The species illustrated in Text-fig. 8 was 
a slender and tapering larva with a rough mmicatc skin; it possessed a 
patch of spines (.^p.) situate dorsally near the posterior end. The other 
species. Text-fig. 9, was less slender and tapering and possessed a 
smoother skin. The arrangement of the caudal tubercles in each species 
was characteristic and is illustrated in the text-figures. A line drawing 
of the larva of //. brassicae (Text-fig. 10) is also given for comparison 
with the other types. 
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Parasites of H. brassicac. 

In the course of this study the following parasites were bred from 
//. brassicae: 

COLEOPTERA. Staphylinidae. 

Aleochara bilineata Gyll. The larva of this beetle is predaceous upon 
the pupae of the cabbage root fly. According to Wadsworth (17) the 
first-stage beetle larva bores its way into the puparium of the Dipterous 
host and completes its metamorphosis inside, feeding upon the pupa, 
emerging finally as the adult beetle. The writer bred large numbers of 
this beetle from the pupae of H. brassicae, and there is no doubt that 
it constitutes a considerable check upon the development of the fly. 
Fowler (4) gives a description of this beetle and the closely allied species 
Aleochara bipustulatus (nitida Grav.). From the puparia containing this 
beetle larva, the writer bred a Hymcnoptcrous insect which was para- 
sitising A. bilifieata. This insect has been determined by Waterston as 
the Proctrotrupid, Exallonyx ligatus Nees. Plate XXI 1 1, fig. 1, shows this 
Proctrotrupid, the beetle larva from which the parasite was bred, and 
the ruptured pupal case of 11 . brassicae, in which both these insects were 
contained. The empty pupal case of Exallonyx ligatus still attached to 
the beetle larva may also be seen. 

Aleochara bipustulatus (nitida Grav.). The writer found this smaller 
Staphylinid often associated with 11 . brassicae puparia at the roots of 
Brassicas. Although none were bred from puparia under observation, it 
is likely that this insect also is predaceous upon the pupae of 11 . brassicae. 

HYMENOPTERA. Cynipidae. 

Cothonaspis rapae Westw. This Cynipid is by far the commonest 
of all the parasites affecting H. brassicae and was bred in very large 
numbers. Over 30 per cent, of the second-generation pupae were 
parasitised by this insect. There appear to be two broods in the season, 
early in June a female was observed ovipositing in first-generation 
larvae. The second-generation adults commenced hatching on July 26th 
and continued to hatch during August and September. The times of 
emergence of the Cynipid were very variable, the parasites hatching 
from both first and second II. brassicae pupae as late as August 31st. 
The date of the last emergence of Cothonaspis rapae was October 4th. 
It was observed that the pupal period of this Cynipid seemed to last a 
considerable time, and this may further indicate that there are two 
generations only. Parasitised larvae of H. brassicae pupating on June 24th 
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gave rise to the parasite on July 29th, 30th and August 3rd. Plate 
XXIII, figs. 2 and 3, are photographs of Cothonasjds rapae Westw. 

The next Hymenopterous parasite is a species of Braconid, Dacnusa 
strarnineipes Halid. This insect chiefly parasitises the Phytomyzid 
larva (P. rufipes) but the writer bred it also on two occasions from 
the pupae of H. brassicaa. Plate XXIll, fig. d, is a photograph of this 
parasite. 

In addition to the Hymenopterous parasites of //. bras.sicae here 
described, Wadsworth (is) records two further insects — the Ichntiumons 
Phygadeuon fimmtor Orav. and Atractodeti tcnebricosm Grav. {veatalis 
Hal.). The writer has not succeeded in breeding these latter from pupae 
of //. brasdeae, 

DIPT ERA. Anthomyidae. 

Pliaonia Irinwculata Bouche. The larvae of this large Anthomyid fly 
occur in the roots of Cruciferous plants in association with the larvae of 
//. hrassicae upon which they feed. These carnivorous larvae may b(* 
distinguished from th<* root maggots by their larger size and by the 
absence of tlie. welbmark(*d caudal tubercles. The pupae of Phaonia 
were also found by the writer together with those of II. brassleae in the 
soil surrounding the jdant, distinguishable from th<‘ latter by their larger 
size. Bouche (1) first described this fly as Anihomyia trimaculata. and 
Wadsworth ( 17 ) recorded it for the first time in this country in 1915. 
Keilin(S) also has a note upon the carnivorous character of the larvae*. 
The fly is light grey in colour with four black bands on the dorsum, 
legs black, and abdomen with a black dorsal band. 

The last insect associated with //. brassleae to be d(‘scrib(*d is the 
Tachinid fly Onesia agilis Meig, (vespillo Rdi.) and its precise connection 
with the cabbage root maggot has not been iletermined. 

The pupae of this fly were found on several occasions in company 
w’ith those of II. brassleae. Th(?re seem to be two possibles ex})lanations 
concerning the activities of this fly, cither, like the foregoing Phaonia, 
the larvae are carnivorous and prey upon the cal bage root maggot or 
they are, like many Tachinid larvae, feeders in decaying matter and are 
thus only si^condary to the damage caused by H. brassime. 

As however there seems a definite association of this Tacliinid wdth 
the cabbage root fly, the writer has considered it worth while to put the 
fact on record. 

Plate XXIII, fig. 5, figures an interesting case of parasitism of the adult 
fly by some micro-organism, the exact nature of which has not yet been 

Ann. Biol, xiv 22 
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determined. In the field a number of Anthomjdd flies (not all H. brassicae) 
were observed to have an abnormal appearance about the abdomen. 
On capturing and examining the flies, they were found to be in a most 
interesting and unusual condition. Dorsally the abdomen presented a 
slightly rounded and swollen aspect, while ventrally there was a very 
large circular opening or crater with rounded lips leading into a cavity 
which occupied the greater part of the interior of the abdomen. In one 
or two cases there existed two of these crater-like orifices side by side 
in the abdomen of the same fly. There were no external signs of the 
disease visible in the fly other than the slight swelling referred to, and 
the crater-like opening or openings. It seems a remarkable thing that 
the flies so attacked were able to live an apparently normal life in spite 
of the fact that the abdomen was entirely occupied by a cancerous 
growth with its external orifice. Sections of these diseased flies revealed 
a cyst-like structure with an internal cavity opening to the exterior by 
the ventral orifice already referred to. Microscopical examination showed 
the presence of a micro-organism which, though unlike the parasitic 
Empusa in many ways, yet possessed some characteristics of that 
organism. At the same time minute spore-like bodies are present which 
cannot be attributed to Enipvsa and appear more characteristic of some 
Protozoan group (U). 


SUMMARV. 

A detailed account is given of the life history and parasites of 
Hylemyia (Chortophila) brassicae, the cabbage root fly. The various 
stages are described and figured. The egg is deposited in the vicinity of 
the roots of Cruciferous plants, in the heads of cauliflowers, and in 
autumn on the leaves and cut stem of Brassicas. The period of the egg 
stage lasts from 3 to 5 days, the larva when full grown is smooth, white 
in colour, and possesses a caudal corona of well-defined tubercles, one 
pair of which is bifurcate and serves as a means of identification. The 
maggots feed in the roots of Cruciferous plants, or in the heads of cauli- 
flowers and turnips, while late in the autumn they may occasionally be 
found tunnelling in the midrib of Brassica leaves. The larval period 
lasts from 19 to 25 days. The puparium is reddish brown in colour and 
measures about 7 mm. in length. The length of the pupal stage is very 
variable and may occupy from an average of 16 days to 69 days. Pupa- 
tion takes place in the soil in proximity to the plant. The adult is a dark 
grey insect somewhat resembling the house fly but is more bristly. 
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There are three generations in the season; as a general rule hibernation 
is in the soil in the pupal stage. 

Four other types of larvae found associated with those of II, hrassicae 
in Cruciferous plants are described, the most important being Phytomyza 
rufipes Meig. 

A detailed description of the parasites of H, hrassicae is given; these 
are the larva of the Staphylinid beetle Aleochara bilineata GylL, the 
Cynipid Cothonaspi^s rapae Westw., the Braconid Daomsa stramineipes 
Halid, and the Anthomyid fly Phaonia triimculata Bouche. the larvae 
of which are carnivorous and feed upon //. hrassicae larvae. There are 
also described a Proctrotrupid, Exallonyx ligatus Necs., which is parasitic 
upon the larva of Aleochara bilineata Gy 11. and a Tachinid fly, Omsia 
agilis Meig., which is associated with H, hrassicae, although the exact 
relationship has not been determined. 

An unusual form of parasitism of the adult fly by some kind of 
micro-organism is also figiued and briefly described. 
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EXPLANATION OF PLATE XXIII. 

Fig. 1. Exalhnyx ligatua Noes. A Proctrotrypid, parasitic upon the larva of A, bilinetUa, 
111 the figure the Proctrotrypid may bo seen on the left, the parasitised beetle larva 
in the centre, and the pupal cose of H, brassicae from which both insects have come 
is seen on the right. Note the empty pupal case of E. ligatus attached to the tail of 
the dead Aleochara larva. 

Fig. 2. The C3niipid parasite Cothonaspia rajme Westw. Male, x 5. 

Fig. 2. Cothonaapia rajxie Westw. Female, x 5. 

Fig. 4. The Braconid parasite Dacnuaa atramineipea Halid, x 6. 

Fig. 6. Adult female of H, hraaaicae showing attack by a micro-organism. The large 
crater-like opemng of the internal cyst is plainly shown, x 5. 

{Received November 19^A, 1926.) 
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PLATE XXIII 



Fig, 4. 
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SMITH.— A Study of HrLK\tYu iikassh ak, the Cabbage Root Fly (pp. 312-330). 
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Introduction. 

It has been a common practice for many years to incorporate solutions 
of the salts of the higher fatty acids with insecticide and fungicide 
spray fluids, mainly with the object of increasing their wetting and 
spreading powers. The potash soaps of the liijuid fatty acids such as 
oleic are invariably used, as their solutions arc fluid at ordinary tem- 
peratures. In recent years however in the case of certain basic insecti- 
cides such as nicotine, the fatty acid has been combined directly with 
the organic base. It is generally known that, apart from their effect 
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upon the physical properties of the spray, these soap solutions them- 
selves are toxic to insects. 

The insecticidal properties of some of the fatty acids and soaps have 
recently been investigated by Siegler and Popenoe(i, 2). Their experi- 
ments were made on several species of aphids with the free acids, and 
with acid, neutral and alkaline soaps. The free acids were emulsified 
with a solution of glue, or, when used with water alone, by means of a 
colloid mill, and sprayed on to the insects with a small atomiser. They 
found that whereas the lower acids showed no great toxicity to aphids, 
caproic acid showed “marked toxicity,’’ and caprylic acid killed 90 per 
cent, at a dilution of 1 in 500, with only slightly decreased toxicity at 
1 in 1000. Capric acid killed 99 per cent, and lauric acid 92 per cent, 
at 1 in 1 200. Myristic acid was less toxic. The figures do not all apply 
to the same species of aphid. Rapid and complete paralysis of the 
insects was noted and the hypothesis is put forward that “the fatty 
acids in a crystalloid state penetrate the body walls and tracheae, thus 
gaining immediate haemolytic action on the haemolymph and body 
cells” (2). Further, these investigators consider that the toxicity of soaps 
is chiefly due to the action of free fatty acid liberated by hydrolysis. 

Siegler and Popenoc have, so far as we arc aware, published only 
brief accounts of their ex])eriments, without any detailed’ figures. Th(' 
fatty acid scries appears particularly suitable for the study of change of 
toxicity with increase of molecular complexity, for each member differs 
from the next by one CHg group only, and all except formic acid contain 
a chemically reactive carboxyl group united to a comparatively un- 
reactive hydrocarbon chain. This series of acids up to steari9 was there- 
fore included in our survey of the insecticidal action of various groups 
of organic compounds. 

The data presented here indicate that within a wide range there is 
a steady increase in toxic action, as the series is ascended. There is 
moreover a gradation in certain physical properties, and the question 
arises whether the change in toxic action is not determined largely by 
one or more of these dependent properties rather than directly by the 
molecular complexity of a relatively inert hydrocarbon chain. A pre- 
liminary attempt is therefore made to trace out relationships between 
certain physical factors and the toxic action among these acids. The 
carboxyl group is readily esterified and saponified, giving compounds 
with new sets of properties, and the methyl and benzyl esters and the 
sodium and ammonium salts of a number of these acids have been in- 
vestigated. In each case interesting quantitative changes in toxic action 
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were noted, indicating that both the carboxyl group and the hydro- 
carbon chain play a significant part in the toxic effect. 

The introduction of a double bond in the hydrocarbon chain brings 
about certain important changes in the chemical and physical properties, 
and the determination of its effect seemed of some importance. Two 
unsaturated acids (undecenoic and oleic) were therefore included in the 
tests. 

The methods einjdoyed for the determination of insecticidal values 
have been dealt with in previous papers ( 3 , 4 , 5 ), and a brief resume is 
given in Part V of this series of papers (this voL, p. 217). 

Expbriments with Arms ni Mwis, 

In the case of the salts dealt with in this paper, which them- 
selves cause a marked lowering of surface tension, we have made a 
departure from the usual technique and have used a G o per cent, 
solution of saponin (in place of 1 per cent.) for dilution. The sodium 
salts of lauric, palmitic and stefiric acids proved difficult to spray on 
a(JCOunt of the tendency of their solutions to form gels; this was got over 
in the case of sodium laurate by spraying at a slightly higher tem- 
perature, but no data were obtained with sodium palmitate and stearate. 

The samples of the fatty acids available were not in all cases chemi- 
cally pure. The acid content of each was therefore determined by 
titration and the necessary corrections made where the acid content was 
low enough to introduce a significant error. Except in the cases of lauric 
and undecenoic acids, the corrections required were quite small. The 
figures are given in Table 1, 

The salts were prepared by dissolving known amounts of each of 
the acids in the smallest quantity of alcohol necessary to bring to a 
clear solution and adding caustic soda or ammonia, until in the case of 
the sodium soaps the solution was slightly alkaline, and in that of the 
ammonium salts distinctly alkaline, to phenol plithalein. The solutions 
were then warmed, allowed to cool, and a little more alkali added if 
the colour did not return on cooling. No attempt was made to bring 
each solution to the same pH value. 

After spraying, the insects are always placed within reach of fresh 
bean foliage and are examined on the two (or if necessary, three) following 
days. At each examination counts are made under four headings: 
“unaffected,” “slightly affected,” “moribund,” and “dead.” With the 
compounds discussed in this paper, the figures for the first day’s count 
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are tabulated, except in the few cases when recoveries occurred after a 
further 24 hours. In the tables, except in the cases of unimportant 
compounds, the data for the four categories are given, but in the dia- 
grams the sums of the figures in the last two categories only are plotted 
against the concentration. 

It is true that the diagrams do not always show the finer changes in 
toxicity with change in concentration so well as the figures in the tables. 
They do however indicate satisfactorily the difference in toxicity existing 
between the compounds and, as the curves are not in any case suitable 
for pur])oses of statistical analysis, it has not been thought worth while 
to introduce a more detailed and laborious method of graphing the 
results. 

In a previous paper (3) we have stated that the concentrations yielding 
a mortality of 50 per cent, are the most suitable for purposes of com- 
parison as between the different compounds. It was noted, however, 
that with many of the fatty acids a slight decrease in concentration 
resulted in a profound quantitative change in toxic action and some of 
the curves decline so steeply that exploration about the region of the 
50 per cent, point was impracticable; therefore, when comparisons were 
made between partition coefficients or the number of carbon atoms in 
the molecule and toxicity, we chose the lowest concentrations yielding 
100 per cent, moribund and dead for the purpose, and have attempted, 
among the more highly toxic compounds, to determine this value with 
as great an accuracy as possible for purposes of correlation. 

The Fatty Acids. 

In Table I the results obtained for all the (concentrations of all the 
acids tested are set out. In Diagram 1, in order to avoid too many 
inter-crossings, the values for the saturated, but not for the unsaturated 
acids are graphed. 

An inspection of Table I and Diagram 1 shows that formic acid, 
while only slightly toxic, is more so than acetic. Formic acid cannot be 
regarded as a typical fatty acid, as in addition to the constitution of an 
organic acid it has an aldehydic structure which confers reducing pro- 
perties and probably increases toxicity. Both Table and Diagram show 
that toxic properties steadily increase from acetic to decylic and un- 
decylic acids. The difference in toxic values between propionic and butyric 
acids is only a small one, but there occurs a large gap between butyric 
and valerianic acids. Diagram 1 shows no significant difference in 
toxicity between decylic and undecylic acids, but dodecylic (lauric) and 
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Table I. 

Toxidties of the Fatty Adds to A. rumicis (Isi Series). 

(N =» Not affoctcd. S — Slightly affected. M = Moribund. D — Dead. ) 


Concentration of acid M 



No. 

t 

^ 





and 


of 

Cm. per 

Mole per 

N 

S 

M 

D 

D 

Name of acid 

tests 

100 c.c. 

100 c.c. 

9/ 

/o 

o/ 

/o 

% 

% 

/o 

Formic. 

1 

5*0 

0*109 

— 

— 

— 

100 

100 

(HCOOH. 

1 

3*5 

007<i 

— 

— 

— 

100 

100 

No. of carbon atoms 1. 

1 

2*0 

0*04:15 

20 

20 

— 

60 

60 

Mol. wt. 46-02. 

2 

1*0 

0*022 

40 

10 

25 

25 

50 

% acid contemt 97-8) 

1 

0*75 

0*016 

.30 

30 

— 

40 

40 

1 

0*5 

0*0108 

90 

•— 

— 

10 

10 

Acetic. 

1 

5*0 

0*083 





50 

.50 

100 

(CHaCOOD. 

1 

3*5 

0*068 

30 

30 

20 

20 

40 

No. of carbon atoms 2. 

1 

2*0 

0 033 

50 

40 

10 

— 

10 

Mol. ’Wt. 00 04. 

o 

1*0 

0*0166 

7.5 

15 

5 

5 

10 

% acid content 98*5) 

1 

0*5 

0*0083 

90 

10 

— 


— 

Propionic. 

1 

5*0 

0*067 





10 

90 

100 

(CaliaCOOir. 

1 

3*5 

0*047 

:io 

20 

:io 

20 

.50 

No. of carbon atoms 3. 

1 

2*0 

0 027 

60 

10 

30 

— 

30 

MoJ. wt. 74 06. 

2 

1*0 

o*oi:i5 

m 

5 

5 

— 

5 

% acid (‘ontent 96*75) 

1 

0 5 

0*0067 

UK) 

— 

— 

— 

~ 

Butyric. 

1 

5*0 

0*0.57 




50 

50 

100 

(CgH^COOH. 

1 

3*5 

0*(H 

— 

30 

70 

-- 

70 

No of carbon atoms 4. 

1 

2*0 

0*022 

20 

60 

20 

10 

30 

Mol. wt. 88*08. 

1 

1*0 

0*0113 

50 

20 

20 

10 

30 

% acid content 9(i*f») 

1 

0*75 

0*0085 

80 

— 

10 

10 

20 

1 

0*25 

0*0028 

100 


— 

— 


Valerianic (normal). 

1 

,5*0 

0*049 

— 

— 


100 

100 

(C^HjCOOD. 

1 

:i*5 

0*034 

— 

— 

— 

100 

100 

No. of carbon atoms 5. 

1 

2*0 

0*0196 

— 

— 

40 

60 

100 

Mol. wt. 102*1. 

1 

1*0 

0*01 

20 

40 

40 

— 

40 

% acid content not 

*» 

0*75 

0*0073 

80 

15 

— 

5 

5 

determined) 

1 

0*25 

0*0025 

100 

— 

— 

— 

— 

Caproic (hexylic) 

1 

2*0 

0*017 

— 

— 

— 

100 

100 

(isobiitvl acetic). 

1 

1*0 

0*0086 

— 


:io 

70 

100 

No. of carbon atoms 6, 

2 

0*75 

0*(K)64 

.30 

— 

60 

10 

70 

1 

0*5 

0*0043 

70 

20 

10 

— 

10 

Mol. wt. 116 1. 

2 

0*25 

0*0021 

85 

15 

— 

— 

— 

% acid conUmt 98*75) 









Oenanthic (heptylio). 

3 

0*75 

0*0057 

— 

— 

— 

100 

100 

(CeHisCOOH. 

2 

0*5 

0*0038 

5 

— 

45 

50 

95 

No. of carbon atoms 7. 

2 

0*35 

0*0027 

10 

.35 

15 

10 

25 

Mol. wt. 130*1. 

o 

0*2 

0*0015 

45 

35 

20 

— 

20 

% acid content 97*2) 

2 

0*1 

0*tK)077 

80 

10 

10 

— 

10 

Caprylic (octylic). 
(C,Hi.COOH. 

No. of carbon atoms 8. 

2 

2 

0*75 

0*6 

0*0052 

0*0035 

— 

— 


100 

100 

100 

KHl 

2 

0*36 

0*0024 

— 

— 

.5 

95 

100 

Mol. wt. 144*2. 

2 

0*22 

0*0014 

— 

:io 

55 

15 

70 

% acid content 99* 15) 

2 

0*1 

0*0007 

95 

— 

— 

5 

5 

2 

0*06 

0*00035 

95 

6 

— 

— 

— 
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Table I (corUinued) 







Concentration of aoid 





M 


No. 

r ^ 

A 





and 


of 

Gm. per 

Mole per 

N 

8 

M 

D 

J) 

Name of acid testa 

100 c.c. 

100 C.C. 

% 

% 

/o 

0 / 

/o 

/o 

Pelargonic (nnnylic). 

1 

0*68 

0*0043 







100 

100 

(CgH^COOH. 

2 

0*45 

0*0028 

— 

— 

15 

85 

100 

No. of carbon atoms 9. 

2 

0*31 

0*002 

— 

— 

10 

90 

KK) 

Mol. wt. 158*1. 

2 

0*18 

0*0011 

— 

— 

35 

65 

KK) 

% acid content 91-55) 

2 

0*09 

0*00057 

35 

35 

20 

10 

.30 


2 

0*045 

0*(KK)28 

80 

20 


— 


Capric (decylir). 

1 

0*7 

0*004 

— 

— 



100 

KK) 

(C9H1.OOOH. 

2 

0*46 

0*0027 

— 

— 

10 

90 

100 

No. of carbon atoms 10. 

2 

0*32 

0*0019 

— 

— 

20 

80 

100 

Mol. wt. 172*2. 

2 

0*186 

0 00117 

— 

— 

40 

60 

100 

% acid content 92*85) 

2 

0 093 

0*00054 

— 

— 

65 

35 

KK) 


2 

0*046 

0*00027 

25 

40 

35 

— 

35 


2 

0*023 

0*00013 

65 

30 

5 

— 

5 

Undecylic. 

1 

0*7 

0*0037 

— 

— 

— 

100 

100 

(CjoHjsiCOOH. 

2 

0-46 

0*0024 

— 

— 

— 

1(K) 

100 

No. of carbon atoms 1 1. 

2 

0*32 

0 (K)17 

— 

— 

— 

KK) 

KK) 

Mol. wt. 180 3. 

2 

0186 

0*00098 



40 

60 

100 

% acid content 92*5) 

2 

0*093 

0 (KK)49 

— 

— 

85 

15 

KK) 


2 

0*046 

0*(KK)24 

30 

35 

20 

15 

.35 


2 

0 023 

0*00012 

60 

40 

— 

— 

— 

Laurie (dodecylic). 

1 

0*8 

0*004 

.. _ 



30 

70 

KK) 


4 

0*6 

0*003 

2 5 

2 5 

72 5 

22*5 

95 

No. of carbon atoms 12. 

3 

0*4 

0*002 

10 3 

10 3 

44 8 

.34 5 

79 

Mol. wt. 200*2. 

3 

0*28 

0 0014 

10 

20 

4 : 1*3 

26 7 

70 

% acid content 80) 

3 

0*16 

0*(K)08 

13*3 

36*7 

,30 

20 

.50 


3 

0*08 

0*0004 

66 7 

20 

(i 6 

6 6 

13 

Tridecylic. 

5 

4 5-0*67 

0*021 0*0031 





KK) 

(C„H,6C00H. 

1 

0*45 

0*(K)21 

— 


90 

10 

KK) 

No. of carbon atoms 13. 

1 

0*36 

0*fX)17 

— 

10 

40 

.50 

90 

Mol. wt. 214*2. 

1 

0 315 

0 0015 

— 

-- 

1(K) 

— 

100 

% acid content IK)) 

1 

0-27 

0*00126 


10 

70 

20 

90 


1 

0*18 

0*00084 

40 

30 

30 

— 

:k) 


1 

0*09 

0*00042 

80 

— 

10 

10 

20 

Myristic (tetradecylic). 

Not materially toxic at a concentration of 5*0 % 

= 0*02 

molt; 

(CiaH^COOH. 

per 100 C.C. 







No. of carbon atoms 14. 









Mol. wt. 228. 









% acid content 92*1) 









Palmitic OigHoiCOOH 

Not materially toxic at a concentration of 

0*U /o 

(0*0195 and 

aid 

0*0175 mole per 100 c.c. resjiectively. 




iStearic Ci^Hj^COOH 









Undecenoic. 

5 

0*645-0*3 0*0035 0*0016 





100 

(CioH„COOH. 

2 

0*17 

0*00092 


-- 

IK) 

10 

KK) 

No. of carbon atoms 11. 

2 

0*086 

0*00046 

15 

— 

60 

25 

85 

Mol. wt. 184*27. 

2 

0*043 

00(M)23 

5 

55 

30 

10 

40 

% acid content 85*7) 

1 

0*021 

0*00011 

90 

— 

— 

10 

10 

Oleic. 

1 

1*0 

0*0035 






100 

100 

(C„Hjk,COOH. 

2 

0*75 

0*0026 

— 

5 

10 

85 

95 

No. of carbon atoms 18. 

1 

0*5 

0*0018 

30 

— 

30 

40 

70 

Mol. wt. 282*36. 

1 

0*35 

0*0012 

50 

30 

10 

10 

20 

% acid content 97*7) 

1 

0*2 

0*0007 

50 

30 

20 

— 

20 
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Coiicentnition (corrected to acid content) in mole per 1(X) c.c. 

The acids are s^K^cified by the number of carbon atoms in the molecule (see Tabic 1). 


Diagram 1. Toxicity of the fatty acids to A. ruriiicU, 

tridecylid acids decline in toxicity to a small but probably significant 
extent. The* acids higher than tridecylic are distinctly less toxic, 
myristie, palmitic and stearic showing no toxic action at any of the con- 
C(‘ntrations tested. 

In order to fix more accurately the lowest concentration giving 100 
per cent, mortality and to determine more exactly the change in toxicity 
with decreasing concentration, a fresh series of experiments with the more 
highly toxic acids was made, the concentrations used being brought as 
near together as conveniently possible. To avoid the possibility of 
effects due to secondary factors, benzene was not used in this series, 
the solid acids being dispersed in saponin solution in extremely fine 
condition. Laurie acid could not be used in this way as the finer 
particles aggregated at too great a rate. The results are given in Table II 
and Diagram 2 which is plotted on a larger scale than Diagram 1. In 
Diagram 2 the data for dodccylic (lauric) and tridecylic acids are taken 
from Table I. 

The results of these experiments are in close agreement with those 
obtained previously and confirm the increase in toxicity with molecular 
weight from the 5 carbon-atom acid to the 11 carbon-atom acid, and 
demonstrate that on passing from decylic to undecylic acid there is a 
slight increase in toxicity. 

The results agree well with the statement of Siegler and Popenoe(i) 
that “the toxicity of the fatty acids increases with the molecular weight, 
at least to a certain point not yet definitely determined. A practical 
amount of toxicity was reached with the sixth carbon-atom, the peak 
of toxicity apparently lying at or slightly above the Cjo point.” 

Table I shows the results obtained with the two unsaturated acids, 
undecenoic and oleic. The former is as toxic as the saturated acids, 
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Table IL 

ToxieUies of the Fatty Adds to A. rumicis (2n(! Series). 

(N = Not affected. S = Slightly affected. M = Moribund. 1) — Dead. ) 

Concentration of acid M 

A and 


Cm. |>er 


Name of acid 100 c.c. 

Oenanthic (heptylic). 0-6 

Acid content 97*2 % 0*5 

0-4 
0-3 
0-2 

Caprylic (octylic). 0-5 

Acid conUmt 99*1 % 0*4 

0-3 
0-2 
01 

Pelargonic (nonylio). 0*3(> 

Acid content 91*5 % 0*27 


0-18 

0135 

0-09 

0007 

Capric (decylic). 0-180 

Acid content 92-85 % 0-14 

0-093 
0-07 
0-040 
0-023 

Undecylio. 0-180 

Acid content 92-5 % 0-14 

0-093 
0-07 
0-040 
0-023 


Mole per N S M D D 

100C.C. % % % % % 


0-0040 

— 

— 

— 

100 

100 

0-0038 

— 

10 

20 

70 

90 

0-0031 

10 

20 

30 

40 

70 

0-0023 

50 

10 

40 

— 

40 

0-0015 

90 

— 

— 

10 

10 

0-0034 







100 

100 

0-0028 


10 

10 

80 

90 

0-0021 

— 

20 

40 

40 

80 

0-0014 

20 

20 

00 

— 

GO 

0-0069 

80 

10 

— 

10 

10 

0*0023 





10 

90 

UVO 

0-0017 

— 


30 

70 

100 

0-(K)ll 


20 

70 

10 

80 

0-0(K)85 


40 

50 

10 

GO 

0-00057 

20 

00 

20 

— 

20 

0-00042 

50 

30 

10 

— 

10 

0 001 





30 

70 

100 

0-(HK)8 

— 

20 

50 

30 

80 

0-00054 

— 

30 

70 

- 

70 

0-0004 

10 

20 

50 

2() 

70 

0-00027 

70 

20 


10 

10 

0-(K1013 

0-00098 

90 

10 

10 

90 

KM) 

0-00074 

- 

- - 

30 

70 

100 

0-00049 

— 

20 

00 

20 

so 

0-00037 


20 

80 


80 

0-00024 

70 

30 

— 

— 

— 

0-00012 

80 

— 

20 

— 

20 




Concentration in mole per 100 c.c. (corrected to true acid content). 

The acids are specified by the number of carbon atoms in their molecules (e.g. 7 « heptylic). 


Diagram 2. Toxicities of the fatty acids (heptylic to dodecylic) to A, rumicit^. 



F. Tattersfibld and C. T. Gimingham 339 

undecylic and decylic, the slight differences being scarcely significant. 
Oleic acid is less toxic than undecenoic acid. 

The Sodium arid Ammonium Salts of the Fatty Acids, 

Solutions of the sodium and ammonium salts of the fatty acids were 
prepared in the manner already described (p. 333) and dilutions made 
up in the usual way, except that the strength of the saponin solution 
was reduced to 0*5 per cent. It seemed advisable for compounds like 
the soaps, in which surface activity is so pronounced, to reduce the 
strength of the whetting reagent. In two sets of experiments carried out 
with sodium oleate, with and without the addition of saponin, the 
results obtained were in very close agreement; in each case a concen- 
tration of 0-75 per cent, (reckoned as acid) resulted in a mortality of 
100 per cent, and 0*5 per cent, gave 90 per cent, of deaths. 

The data for the sodium salts are not given completely except in the 
case of sodium oleate. Conversion of the acid to the sodium salt greatly 
reduces toxicity as a rule; thus, stating the results in terms of the acid, 
pelargonic acid (nonylic) was completely toxic at a concentration of 
0'2 })er cent, whereas the corresponding sodium soap w^as scarcely toxic 
at J per cent.; capric acid (decylic) and undccylic acid wx‘re toxic at 
0*1 })er cent., the sodium salts barely toxic at 1-0 per cent. With lauric 
aciil (dode(;yIic) and myristic acid (tetrn decylic), the effect of converting 
to the sodium salts was not so pronounced, sodium laurate being scarcely 
less toxic, and sodium myristate apparently more toxic, than the 
corresponding acid ; but in both these cases, particularly with the myris- 
tate, there w^as a teiubuicv for the insects to be glued down by the 
material, with c.onse(|uent injury. Further, if the figures for sodium 
oleate are compared wdlh those for sodium unde(*enoatc. it wull be seen 
that the effect of saponification in reducing toxicity is loss marked among 
the highest members of the series; thus, w^hercas undecenoic acid is 
completely toxic at 0*2 per cent., the sodium soap is not toxic at all at 
a concentration (calculated as acid) of 0*5 per cent, and scarcely toxic 
at 1*0 per cent. Oleic acid and sodium oleate on the other hand show 
hardly a significant difference and, if anything, the soap is slightly more 
toxic. It was unfortunately impossible to compare the sodium palmitates 
and stearates wdth the corresponding acids, as their solutions are gels 
at ordinary tempcTatures even at fairly low^ dilutions and were not 
suitjibh' for spraying. 

The r(‘sults obtained with the ammonium salts of the acids, ranging 
from caproic to stearic, are expressed in Table III, which also includes 
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sodium oleate; and in Diagram 3 the results for the ammonium salts 
from caproic to lauric acid are plotted. 

Table III. 


Toxidties of the Ammonium Sails of the Fatty Acids to A. rumicis. 


(N — Not aflFected. 

S - SJightly affected. M : 

= Mori bund. 

D - Dead.) 



Concentration of acid 





M 


r— 






and 


Om. per 

M(»Ie per 

N 

S 

M 

1) 

1) 

Nanio 

100 c.c. 

100 C.C. 

u 

/O 

O/ 

/O 

o/ 

/o 

O' 

o 

o/ 

u 

Afiinioniuiu caproaU* 

3*5 

0-03 

— 

— 

30 

70 

KM) 

(hcxyJate) 

2-0 

0-017 

30 

— 

10 

60 

70 

10 

0-0086 

90 


— 

10 

10 


0-75 

0 0064 

90 

10 

— 


— 

Ammonium ocnantliaU* 

20 

0-0154 

10 





90 

90 

(heptylat(‘) 

10 

0-0077 

20 

20 

20 

40 

60 


0*7ri 

0-0057 

40 

20 

30 

10 

40 


0-5 

0-0038 

80 


10 

10 

20 


0-35 

0 (K)27 

70 

10 


20 

20 


02 

0-0015 

100 


— 

— 

— 

Ammnmum caprylate 

10 

0-007 







1(K) 

100 

(octylate) 

0-75 

0-0052 

20 

10 

20 

50 

70 

0 5 

0 0035 

(U) 

10 

10 

20 

30 


0-35 

0-0024 

50 

20 

— 

30 

30 


0-2 

0 (K)14 

m 

“ 

- 

— 

- 

Ammonium jielai^onato 

0-9 

0 (K)54 







100 

KM) 

(noiiylate) 

008 

0-0043 

— 

— 


KM) 

KM) 


0*45 

0-(K128 

— 

— 

10 

90 

KM) 


0-31 

002 

— 

- 

40 

60 

100 


0-225 

0-0014 

- 

10 

20 

70 

90 


0-18 

0-0011 

50 

30 

10 

10 

20 


0-09 

0-00057 

80 

20 

-- 

— 

- 

Ammonium caprate 

0-4(i 

0-0027 





10 

90 

KM) 

(docylatc) 

0-35 

0 002 

— 

- 

30 

70 

KM) 


0-23 

0-(K)i3 


JO 

50 

40 

90 


0 093 

0 00054 

80 

10 

10 


10 

Ammonium undecylaU* 

0-93-0-4(> 

0-(K>49-0 0024 





100 

0-32 

0 0017 

— 

. — 

10 

90 

KM) 


0-23 

0-(K)12 

— 

10 

30 

60 

IM) 


0-093 

0-(XK)49 

30 

50 

10 

10 

20 

Ammonium lauratc 

2-0-0-4 

0 01 (HK)2 





KK) 

(dodecylate) 

0-28 

0 (KU4 

— 

— 

40 

60 

KM) 


O-JO 

0-(MK)8 

40 

10 

50 

— 

50 


0-08 

0-(KK>4 

60 

30 

— 

10 

10 


0 04 

00(M)2 

80 

20 

— 


— 

Ammonium iridecylate 

0 45 

0-(K)21 

— 

— 

40 

60 

KM) 

0-31 

0-(K)14 

— 

20 

30 

50 

80 


0-18 

0-00084 

80 

10 

— 

10 

10 


0-09 

0-00042 

90 

10 

... 

— 

- 

Ammonium myristato 

1-84 

0-008 

— 



30 

70 

KK) 

( totradccylate) 

0-92 

0-004 

50 

20 

10 

20 

30 


0-09 

0-(M)3 

60 

20 

__ 

20 

20 


0-46 

0-002 

60 

20 

10 

10 

20 


0-32 

0-0014 

90 

10 

— 

— 

— 
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Table III [continued). 

Concentration of acid M 

r ^ and 

Cm. per Mole per N S M D D 
Name 100 c.c. 100 c.c. % % % % % 

Ammonium palmitate Not toxic, at a concentration of 2*0 % of the acid — 

0 0078 mole per 100 c.c. 

Ammonium stearate Not toxic at a concentration of 2*0% of the acid^^ 

0-007 mole per 1(K) c.c. 


Aiiiinonium uiidecimoate 

0-63 

0-005 

— 





100 

100 


0-43 

0-0023 

— 

10 

10 

80 

00 


0-21 

0-0011 

— 

10 

20 

70 

tMJ 


0 086 

0(MK)46 

60 

30 

— 

10 

10 

Ammonium oleate 

2-,>-0-75 

0-0088-0-0026 





100 


0-5 

0-0018 

— - 

— 

— 

100 

100 


0 35 

0-0012 

20 

— 

— 

80 

SO 


0-2 

0-0007 

20 

10 


70 

70 


0-1 

0-0(K)35 

nx) 

— 

— 

— 

— 


Sodium oleate 2-5 and 1-0 0*008tM) 0035 

0-75 0-(X)2(> — 

0-5 0 0018 5 

0-35 0 0012 20 

0-2 0 0007 40 

0 1 0-00035 40 

Ammonia control Not toxic, at 0-0 °o 

0 5 and l-O .saponin soUi- Not toxic 
tions 

Alcohol and 0 5 saponin Not toxic 
hoiutioris 



Concentration in mole per 100 c.c. 

Tlic compounds are specilied by the immlier of carbon atoms in the acid (v.(u the hue 
dmwn thiou^^di 6 indicates the results for ammonium caproate (hexylate)). 

Diagram 3. Toxicities of the ammonium .salts of the fatty acids to A, rumkh. 

The neutralisation of the acid radical with ammonia decreases toxicity 
in certain of the acids. The reduction of toxicity due to neutralisation 
with ammonia is again less in the case of the higher fatty acids from 
nonylic upwards, ammonium tridecylatc being of the same order of 



10 

90 

100 

KM) 

5 

5 

85 

90 

10 


70 

70 

10 

— 

50 

50 

30 


30 

30 
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toxicity as tridecylic acid and ammonium myristate markedly more toxic 
than myristic acid. It is probable that the toxicity of the ammonium 
salts is at least partly determined by the liberation by hydrolysis of the 
free fatty acids in a very finely divided state. 

The ammonium salt of myristic acid (tetradecylic) is, however, less 
toxic than the ammonium salts of the acids of lower molecular weight 
(nonylic to tridecylic), while ammonium palmitate and stearate, at the 
highest concentration at which they could be conveniently tested, show 
no toxicity. As the same relationships arc found amongst the acids 
themselves, it would appear that in this series molecular complexity, or 
some })roperty depending on it, limits toxic action. 

The Methyl Esters of the Fatty Adds, 

The results obtained for the methyl esters of the fatty acids are given 
in Table IV and Diagram 4. 

With the exception of methyl caprate, the toxicities are uniformly 
distinctly lower than those of the .acids or the ammonium salts. Our 
tests may have exaggerated the toxicity of methyl caprate. Our sample 
was a very small one and the data in this case are probably not so good 
as in the rest of the tests. Nevertheless our sample of methyl caprate^ 
proved somewhat less toxic than the acid, mole for molp. The whole 
of the results demonstrate that the effect of methylation is to lower 
toxicity, and that there is an increase in toxicity as one ascends the 
scries from methyl caproate (hexylate) to methyl capr.ate (dccylato); 
methyl undecylatc was not available, but methyl undecenoate shows a 
slight increase in toxicity over the caprate but is slightly less toxic than 
the corresponding acid, mole for mole. Methyl laurate (dodecylate) is 
less toxic than its immediate predecessors in the series and methyl 
stearate is not toxic at any concentration up to 5*0 per cent. (-= 0-017 
mole per 100 c.c.). The other noteworthy feature of the series is the. 
comparatively high toxicity of methyl formate; this compound proved 
completely toxic at 0-083 mole per 100 c.c., whereas the acetate, pro- 
pionate, butyrate and valerianjite are not toxic at very high concen- 
trations. 

Certain of the benzyl esters were tested. The results suggest that 
where the acid is of small molecular weight the benzyl group has a pre- 
ponderating effect upon toxicity, whereas with the acids of higher 
molecular weight the effect of this radical diminishes. As certain im- 
portant benzyl esters were not available, the data with regard to this 
series is hardly sufficient to warrant further discussion at this stage. 
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Table IV. 

ToMcities of the Methyl Esters of the Fatty Adds to A. rumicis. 


(N = Not affected. S = Slightly affected. M = Moribund. D = Dead. ) 



Concentration of ester 





M 


f 

^ 





and 


Cm. per 

Mole per 

N 

S 

M 

D 

D 

Name 

100 c.c. 

100 C.C.* 

% 

o/ 

/o 

% 

o/ 

/o 

o/ 

/o 

Methyl formate. 

5-0 

0-083 







100 

100 

(H.COOCHj. 

3-5 

0 058 

40 

20 

10 

30 

40 

Mol. wt.-60) 

2-0 

0-033 

50 

10 

10 

30 

40 

Methyl acetate (M.W. 74) 

Not toxic, at a concentration 

of 20 

o/ 

/o 



„ propionate ( „ 88) 
„ butyrate ( 102) 



IS 

»• 

»! 



„ valerianate ( „ lltt) 


„ 

>» 

15 

Q! 

/O 



Methyl caproate (hexylate) 
(CjfiuCdOCJH j . 

15 

10 

0-115 

0-077 

— 

80 

50 

20 

50 

100 

20 

Mol. wt. -130-1) 








Methyl oenanthate (heptylatt*) 
(C,H„COOCB,. 

15 

10 

0-104 

00<59 

— 

— 

20 

100 

80 

100 

100 

Mol. wt. = 144-1) 

7-5 

0-052 

— 

20 

20 

60 

80 

5-0 

0-034 

10 

50 

— 

40 

40 


3-5 

0-024 

30 

70 

— 

— 

— 

Methyl caprylatc (octylati*) 
(C;lii,COO‘CH,. 

10-5-0 

0-063-0-031 





100 

3-5 

0-022 

— 

— 

50 

50 

100 

Mol. wt. -158 1) 

2-0 

0-012 

60 

10 

20 

10 

30 

Methyl pelargonate (nonylate) 
(C,ri,,C()(K)H3. 

2-0 

10 

0-011 

0-006 

— 

30 

10 

60 

90 

10 

100 

70 

MoJ. wt.-r 172-2) 

0-75 

0-0043 

30 

20 

50 

— 

50 

0-5 

0-003 

50 

50 

— 

— 


Methyl caprate(docy late) 2- 

0 and 1-0 

0-0107 and 





100 



0 (K)53 






Mol. wt. - 18G-2) 

0-75 

0-004 

— 

— 

70 

30 

100 


0-5 

0-0027 

— 

— 

90 

10 

100 


0-35 

0-0019 

10 

10 

80 

— 

80 


0 2 

0 (K)l 

30 

30 

40 

— 

40 


0 J 

0-(X)05 

70 

10 

20 

— 

20 


0-05 

0-(KK)27 

80 

20 

— 

— 

— 

Methyl laurate(dodecylate) 5- 

0 and 3-5 

0-023 and 





100 

(Cnk^COOCHg. 

Mol. wt. = 214 25) 


0-016 






2-0 

0-0093 

— 


— 

100 

100 

l-O 

0-0046 

10 

20 

10 

tiO 

70 


0-75 

0 (H)35 

20 

10 

— 

70 

70 


0-5 

0-0023 

— 

— 

. - 

— 

30?t 


0-25 

0-0016 

70 

10 

20 

— 

20 

Methyl stearate 

Not toxic at concentration of 5-0 ‘ 

%=0' 

0176 mole per 

(C„ft„CO(X’H,) 

100 c. 

c. 






Methyl undecenoatc 

2-0-0-75 

001-0-004 





100 

(C%H„COOCH,. 

Mol. wt. = 198-2) 

0-5 

0-0025 

— 

— 

40 

60 

100 

0-35 

0-0017 

— 

10 

90 

— 

90 

0-2 

0-001 

— 

20 

80 

— 

80 


0-1 

0-0005 

40 

60 

— 

— 

— 

Methyl oleate 

5-0 

0-017 

— 

— 

— 

100 

100 

(C„H„COOCH,. 

3-5 

0-012 

— 

— 

30 

70 

100 

Mol. wt. =296-3) 

2-0 

0-0067 

20 

— 

50 

30 

80 

1-0 

0-0033 

40 

20 

30 

10 

40 


0-75 ' 

0-0025 

50 

40 

— 

10 

10 


* The concentrations in moles are the same whether expressed as acid or ester, 
t Experiment spoilt owing to escape of insects. 
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Tbo methyl esters aie specified by the number of carbon atoms in the acid (e.tj, 6 = methyl 

caproate (hexylate)). 

Diagram 4. Toxicities of the methyl esters of the fatty acids to J. rumicig. 

Diagram 5 sets out the results obtained with the unsaturated fieids 
(undecenoic and oleic) and their ammonium salts and methyl esters. 
Ammonium undecenoate is omitted in order not to obscure the diagram; 
it is slightly less toxic than the acid. The toxicities of methyl unde- 



Ammonium undecenoate is not included; it was somewhat less toxic than undecenoic acid. 
Diagram 5. Toxicities of undecenoic and oleic acids, their ammonium and sodium 
soaps and methyl esters, to A. rnmicis, 

cenoate, ammonium and sodium oleate at different concentrations 
(points 2, 4, 5) can be substantially represented by one curve. The 
diagram shows methyl undecenoate (2) less toxic than its acid, and 
methyl oleate less toxic than oleic acid. This acid is slightly less toxic 
than either its sodium or ammonium salts. 

Diagram 6 shows the relationship between the insecticidal values of 
the acids, their ammonium salts and methyl esters and the molecular 
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weight of the respective acid which is represented by the number of 
carbon atoms present. The comparisons are made at concentrations 
giving 100 per cent, moribund and dead^. 

The diagram clearly indicates the increases in toxicity with molecular 
complexity, formic acid and its derivatives being exceptional throughout 
the three series; and in addition shows that the ammonium salts con- 
taining 6, 7 and 8 carbon atoms are less toxic than the corresponding 


^ -121 



No. of ciirbon atoniR in acid. 


Diagram 6. Showing relationship between toxicity to A. rumtch of the fatty acids, their 
ammonium salts and methyl esters, and the number of carbon atoms in the molecule 
of each acid. 


acids, but that from this point onwards to the 13 carbon-atom acid the 
toxicity of the ammonium salt approximates to that of its acid, and at 
14 (myristic) and 18 (oleic) the ammonium salt is more toxic. The methyl 
esters are uniformly less toxic than the corresponding acids. Speaking 
generally, these facts indicu-te that both the hycirocarbon chain and the 
carboxyl group play a significant part in determining the intensity of 
the toxic action of this group. 

^ In the cane of ammonium oenanthate (heptylate), the percentage giving a death rate 
of 90 per cent, has bt^eii taken, the value for exactly 100 per cent, not having been obtained. 


23—2 
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Experiments with Eggs op Sklisnij tetralunaria, 

A series of experiments was carried out to ascertain whether the 
fatty acids showed any toxicity to eggs of the moth Selenia tetralunaria 
Hiifn. The general method of procedure has been described in earlier 
papers. The acids were tested at concentrations ranging from 5*0 per 
cent, to 0-26 per cent., and the liquids for spraying were prepared by 
dissolving the acid in a small amount of benzene and emulsifying with 
the required amount of a 1 per cent, solution of saponin in water. Control 
sprayings were made with benzene (5-50 per cent.) and saponin solu- 
tions. The results arc summarised in Table V. 

Table V. 

Toxicities of the Fatty Acids to the Eggs of Selenia tetralunaria. 

% viable 



Concentration 


No. of 

No. of 

% «gg8 

eggs killed 

Name of 

in gm. per 

No. of 

eggs 

eggs not 

not 

(allowing 

acid 

100 c.c. 

teats 

sprayed 

hatching 

hatching 

for control) 

Controls 

— 

14 

1676 

68 

404 

— 

Caproic 

2-(M)-25 

4 

480 

18 

375 

0 

Oenanthic 

20 

1 

169 

96 

568 

54*8 

9* 

l(M)-25 

3 

289 

14 

4*5 

0 

Caprylio 

2-0 

1 

163 

108 

66*2 

64*65 


1-0 

1 

102 

15 

14*7 

IM 

») 

0*5 

I 

100 

10 

10*0 

6*2 

»» 

0*25 

1 

99 

3 

‘ 3*03 

0 

Pciargonic 

20 

1 

127 

102 

80*3 

79*3 

»» 

1-0-0-25 

3 

325 

14 

4*3 

0 

Capric 

20-0-25 

4 

446 

16 

3*6 

0 

Undecylic 

20 

1 

167 

72 

43*1 

40*6 


1-0-0-25 

3 

314 

13 

4*1 

0 

Laurie 

50-0-5 

4 

369 

14 

3-8 

0 

Myristic 

50-1-0 

3 

329 

15 

4*2 

0 

Undeconoic 

20 

1 

110 

60 

54*6 

52*6 


10-0-6 

2 

210 

12 

5*7 

1*75 

>* 

0*25 

1 

156 

5 

3*2 

0 

Oleic 

5*0 

1 

114 

91 

79*8 

78*8 

»» 

2-5 

1 

75 

44 

58*7 

56-85 


10 

1 

145 

9 

6*2 

2*25 


0-5 

1 

114 

7 

6*12 

2-2 

Stearic 

50 

1 

86 

11 

12*8 

91 


The control figures for the percentage of eggs which did not hatch, 
irrespective of treatment (4-04 per cent.), is the mean of the results 
obtained from six lots of unsprayed eggs, four lots sprayed with 1 per 
cent, saponin solution and four lots sprayed with different concentrations 
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of benzene in 1 per cent, saponin solution — 1676 eggs in all. The maximum 
range of variation in these controls was between 7’06 and 1*33 per cent, 
of eggs not hatching. This control figure is allowed for^ in calculating 
the percentage of viable eggs killed, given in the last column of Table V. 
The figures show that none of the acids had any marked toxicity to 
these eggs at concentrations below 2 per cent. It is interesting however 
to compare the results obtained with the different acids at this concen- 
tration (2 per cent.) as set out in Diagram 7. 



-1'5 -10-5 16-5 12*5 310 280 440 540 24*5 140 


Melting point of pure acid m °C. 

Diagram 7. Relative toxicities of fatty acids at a concentration of 2 per cent, to eggs of 

Selenia tetralunaria. 

As the series is ascended from caproic to pelargonic acid, there is a 
rise in toxicity with increase in molecular weight; with the higher acids 
this no longer holds and only undecylic, undecenoic and oleic acids show 
any considerable toxicity. In attempting to account for these irregu- 
larities among the higher members of the series, it is perhaps suggestive 
that it is those acids with low melting points, i,e. those which are liquid 
at summer temperatures, which show toxicity. Penetration may take 
place more readily in the liquid state. Our figures would indicate un- 
decylic acid to be rather exceptional in this respect. Our sample, however, 
under summer conditions, readily remained in a super-cooled state, and 
had a melting point slightly below that of the pure acid. It thus falls 

* The average percentage which did not hatch in the controls (4-04 per cent.) is de- 

100 

ducted from the percentage not hatched in eacli test and multiplied by _ 4.()4 ■ 
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satisfactorily into line with the above suggestion. Observations on the 
stage of development reached by the majority of the unhatched eggs in 
each of these experiments give some additional evidence for this point 
of view. It was noted that in the case of undecenoic and oleic acids used 
at a concentration of 2 per cent., nearly all the unhatched eggs had 
failed to develop much beyond the point reached when they were sprayed, 
whereas with undecylic acid at the same concentration the majority 
of unhatched eggs contained almost fully developed larvae. It is there- 
fore probable that undecenoic and oleic acids have greater penetrating 
powers than undecylic acid and that the difference between the effects 
of these acids is even greater than is indicated on the diagram. For a 
similar reason, the difference between the toxicities of oenanthic and 
pelargonic acids is probably understated in the diagram and table. 

Moleculak Weight in Relation to Insecticidal Action. 

The correlation between the weight of the molecule and the toxicity 
of the fatty acid is not complete. The higher toxicity of formic acid as 
compared with acetic shows the importance of the constitution of the 
molecule; oleic acid is also more toxic than stearic although of almost 
the same molecular weight, and in many cases the methyl esters are 
less toxic than the acids of corresponding molecular weight (see Dia- 
gram 6). Moreover in passing up the series a point is reached where 
toxicity declines, thus myristic, palmitic and stearic acids show little 
or no toxic action. Either, therefore, there is some molecular weight 
value at which inhibition of toxicity takes place, or more probably 
certain physical properties come into play which act as limiting factors. 

Some Physical Properties considered in Relation to 
Insecticidal Action. 

In the following sections an attempt is made to see whether any 
marked correlation exists between toxicity to insects and certain physical 
properties of the fatty acids. Except in regard to compounds in the 
vapour phase, there is little published work on the subject of possible 
relationships between physical properties and insecticidal action. On 
the other hand, there is a considerable amount of information available 
as to the bearing of physical properties on narcotic action, rate of 
penetration through cell walls and other physiological phenomena. In 
certain respects these problems have some analogy or parallelism with 
the problem of insecticidal action and, without attempting to review 
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the extensive literature, we have made reference to certain facts and 
theories advanced in the study of these problems, which seem to have a 
bearing on our results. ^ 

Physical State. 

There is some evidence that compoimds show a difference in the 
intensity of their toxic action to insects according to the physical state 
in which they are applied. 

The data presented in a previous section on the toxicity of these 
acids to the eggs of S. teiraluimria suggest that the solid acids are less 
toxic than the liquid acids and that there is some correlation between 
toxicity and the melting point, e.g. capric acid (solid) is less toxic than 
pelargonic acid (a liquid) (see p. 346). It is not, however, clear that this 
consideration applies to the toxicity of these acids to aphids, for although 
such solid acids as rayristic, palmitic and stearic show only a slight 
toxicity when compared with the liquid acids pelargonic, caprylic and 
oleic, yet capric acid (decylic), a solid, is more toxic than pelargonic 
(nonylic), which is a liquid at ordinary temperatures. It may be that 
the toxic effe(‘.t of solid suspensoids is determined by the size of particle. 
The compounds of high melting point are somewhat difficult to obtain 
in a condition of very fine suspension, and there is a tendency for the 
particles to aggregate. As finely divided particles are more rapidly 
soluble than coarse ones, and as the lower melting point acids are more 
soluble in organic media than those of a higher melting point, the factor 
directly involved may be coiu^erned with solubility in the cell membranes 
rather than with physical state. Consideration is given to solubility 
relationships in a later section. 


Volalility, 

It has been shown by Moore (7) and by Tattersfield and Roberts (6) 
that there is a rough correlation between the boiling points, volatilities 
and vapour pressures of compounds and the toxicity of their vapours 
to insects. Within certain limits, the low^r the volatility or vapour 
pressure, the greater the insecticidal action. Among similarly constituted 
compounds this is no doubt generally true, for it is reasonable to suppose 
that the more readily a vapour is adsorbed, the greater its insecticidal 
action, and ‘‘the adsorption on a carbon surface increases with the 
boiling point of the adsorbed gas^.” 

In the case of insecticides applied as sprays, the application of a 

^ ilarkiiia, Colloid Symposium Monograph, n, 166. 
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similar conception is complicated by solubility and surface tension re- 
lationships. A highly volatile compound would presumably be less 
effective than a less volatile one, as it would evaporate more readily from 
the surfaces of the insect and have less time to act before being dissi- 
pated. This may account for the toxicities of methyl acetate, propionate 
and butyrate being apparently abnormally low. The relationship 
does not, however, always hold, since myristic and palmitic acids are 
less toxic than the more volatile acids, capric, pelargonic and caprylic; 
and further it is affected by considerations of chemical constitution, for 
example, the highly volatile methyl formate is more toxic than methyl 
butyrate. 


Dissociation Constants. 

The rate at which a compound penetrates would appear to be a 
determining factor in insecticidal action. The literature concerning the 
rate of penetration of the acids has grown to considerable dimensions, 
and although there are few instances where the experimental conditions 
correspond with ours, a brief r&ume of some of the conclusions arrived 
at is of interest. 

Adrian Brown (S) showed that the covering of the seeds of Hordeum 
vidgare shows a selective permeability to acids; it is. not so readily 
penetrated by mineral as by organic acids. This property does not seem 
to be associated with the degree of dissociation, as relatively strong 
acids such as formic and chloracetic penetrate readily. 

Loeb(9) found that mineral acids less readily induced membrane 
formation and were less rapidly toxic to the unfertilised eggs of sea- 
urchins than were the fatty acids. The greater the number of carbon 
atoms in the latter, the shorter the time necessary for membrane forma- 
tion, a result intelligible on the assumption that those acids which 
diffuse most rapidly into the eggs call forth this response most readily. 
The conclusion drawn was that the acids diffuse into the cell only as 
undissociated molecules, particularly as certain of the sodium salts of 
the fatty acids gave negative results. 

Harvey (10) found no correlation between the rate of penetration of 
the acids into the pigmented gonodial filaments of Stechopus ananus 
Jaeger, and the degree of ionisation; whereas Crozier(ii), from his ex- 
periments on the blue pigmented membranes of Chronoderis zebra 
Heilprim, considered ionisation to be a primary factor in determining 
cell permeability for acids, and that the degree of dissociation, if suffi- 
ciently great, practically controls the situation, but if sufficiently low, 
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as in the fatty acid series (formic acid excepted), some factor allied to 
capillary activity is dominant. 

The dissociation constants for certain of the fatty acids are included 
in Table VI ; and it is clear from this table that among the fatty acids 
dissociation constants cannot be correlated with insecticidal action. 
Formic acid, a fairly strong acid, is more toxic than acetic on the one 
hand, but less toxic than most of the higher fatty acids, and although 
the dissociation constants from acetic to nonylic (pclargonic) are all of 
the same order, there is nevertheless an increasing degree of toxicity. 

Partition Coefficients. 

Meyer (12) in 1899 and Overton (13) in 1901 advanced the view that 
narcotic action was connected with the partition coefficients, i.e. the 
ratio of the solubility of the narcotic in oil or lipoid to that in water. 
This theory has been subjected to a considerable amount of investigation 
and criticism. Bayliss(i4) has pointed out that, although the theory 
shows how a narcotic obtains access to the cell, “it does nothing more 
in explanation of its action than to suggest that it is in some way exerted 
on the boundary membrane,” the lipoid constitution of which seems to 
have been widely accepted. It is generally considered that the theory 
is too specific to give an altogether satisfactory account of narcotic 
action. It is, in the main, an attempt to explain rate of penetration 
into cells. Nevertheless, this theory is of importance from our point of 
view, since readiness of penetration is probably a determining factor in 
insecticidal action. The results obtained by Phillipson(i5) showed that 
the rates of passage of certain acids through collodion membranes 
impregnated with a complete etherial extract of muscle were in the 
following order: butyric lactic > acetic > formic, but that the mem- 
brane was impermeable to mineral acids. Harvey {loc. cit.) considered 
that the penetration of the acids depended on several factors, e.g. lipoid 
solubility, capillary activity, and an affinity for certain proteins of the 
cell surface. The results obtained by Loeb and by Crozier {loc. dt.) also 
indicated the importance of the Overton-Meyer theory. We therefore 
determined the partition coefficients as between olive oil and water of the 
fatty acids used in our experiments. 

Determination of the jHzrtition coefficients. Olive oil of b.p. quality 
containing about 1 per cent, of free acid was used. A quantity of acid 
approximately equivalent to ilf/100 was dissolved in the oil at 26-26® C., 
the exact concentration being determined by titration, allowing for the 
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free acid in the olive oil. In the case of myristic acid it was necessary 
to use itf/200 on account of its low solubility. The oil solutions were 
then shaken up vigorously several times in stoppered cylinders with the 
same volume of water at 25^ C. and allowed to stand in a constant 
temperature room at 26-26° C. for several weeks. The aqueous layer 


Table VI. 

Fatty Acids, Partition Coefficients for Water and Olive Oil, Dissociation 
Constants and Effect on Surface Tension of Water. 
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W't. 

gni./100c.c. gm./100c.c. 

gm./100c.c. 

A-C 

B-A 

constants 

1 

Fonnic 

46 

0-398 

0-0345 

0-363 

0 095 

105 

211x10'* 

2 

Acetic 

60 

0-591 

0-006 

0-495 

019 

5-15 

(25’C.)18 xlO-* 

2 

Propionic 

74 

0-705 

0-18 

0-525 

0-34 

2-9 

„ 13 xl0'» 

4 

Butyric 

88 

0-883 

0-405 

0-483 

083 

1-2 

„ 1-5 xlO~* 

5 

Valerianic 

102 

1-018 

0-738 

0-28 

2W 

0-38 

„ 1-6 xlO-* 

6 

Caproic 

116 

1-19 

1-06 

0-13 

8-15 

0-12 

„ 1-4 xl0-» 

7 

Oenanthic 

130 

1-27 

1-234 

0-036 

34 27 

0-029 

,, 14 xlO-* 

8 

Caprylic 

144 

1-419 

1-404 

0-015 

91-7 

0-011 

„ 1-4 ylO“* 

9 

Pelaigonic 

158 

1-85 

1-845 

<0-0016 

>401-2 

<00025 

„ 1-1 xlO-* 

10 

Capric 

172-2 

L677 

1-675 

<0-0016 

,>1009 

<fHX)l 


11 

Undecylic 

1862 

1-71 

1-697 

<0-0129 

Aq solution turbid 

— 

12 

Laurie 
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1-78 

1-78 

Traci} 

Very largo 

Very snudl 


13 

Tridecylic 
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1-92 

1-918 

<0-002 

Aq. sululioii turbid 


14 

Myristic 

228-3 

0-975 

0-975 

Trace 

Very laige 

Very small 

.. 

15 

Isocetic 

242-3 

Not available 





16 

Pahnitic 

256-3 

1'7 

1-7 

— 

Very laige 

Very small 


17 

Not available 
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Stearic 

284-4 

— 

— 

— 

- 

— 

- 

UnsaturaUd acids: 








11 

Undecenoic 

184-3 

1-585 

1-572 

<0-0128 

Aq solution turbid 

— 

18 

Oleic 

282 3 

2-63 

2-63 

Trace 

Very bu-ge 

Very small 

— 


The surface tensions at 25® C. of the saturateci solutions in water of the. following acids were lu dynes/cjn:— Caprie 
undecylic 47'1, lauric.70*l, palmitic 71-2, oleic 71*3, water being taken as 71 *8. (Traube’s stalaginometer usmhI.) 


was carefully syphoned off in such a manner as not to draw over more 
than a trace of the oil layer, and allowed to stand for some time in 
corked tubes till clear, when a known quantity of the clear liquid was 
pipetted off and titrated with either NjbO or NjlOO sodium hydroxide 
solution. In the case of undecylic, undecenoic and tridecylic acids, the 
aqueous layer maintained a persistent turbidity and the results could 
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not be taken. From the values obtained from the oil layers (before 
aqueous extraction) and those obtained from the final aqueous layers 
the partition coefficients could be determined. The determination of 
the amounts of the higher fatty acids dissolved in water can only be 
regarded as approximate^. 



The acids arc specitied by the number of carbon atoms in the molecule ( x 1 = formic acid). 
Diagram 8. Showing relationship between toxicities of the fatty acids to J. rumicii 


and their partition coellicients ■ ^ . (See also Diagram 9.) 

The results are expressed in Table VI both as oil/water and water/oil 
solubility-ratios. In Diagrams 8 and 9 the water/oil solubility ratio is 
plotted against the lowest molar concentrations of the respective acids 
yielding 100 per cent, moribund and dead. This gives figures suitable 
for graphical representation. 

The results are expressed in two diagrams of different scales, as the 
range of partition coefficients is so wide as to render obscure the results 
obtained for the higher acids if all are expressed on the same diagram. 

* A surface tension method could not be applied under our conditions. 
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Diagram 8 gives a conspectus of the results for the acids formic 
(1 carbon atom) to oenanthic (7 carbon atoms). With the exception of 
formic acid, there is a steady rise in toxicity with a decrease of the 
partition coefficient (water/oil solubility ratio). Diagram 9 shows a 
similar close correlation from oenanthic to capric acid (10 carbon atoms). 
(Undecylic is omitted as the aqueous solution had a persistent turbidity 
rendering the determination unsatisfactory.) In the case of lauric acid^ 
(12 carbon atoms) and of oleic acid (18 carbon atoms), there is a break 



The acids are specified by the number of carbon atoms in the molecule 
(6 = hexylic, 18 r- oleic). 

Diagram 9. Showing relationship between toxicities of the fatty acids to A, rumici» 

and their partition coelficient . 

oil 

in the correlation between toxicity and partition coefficient. They are 
both less toxic than would be anticipated on the assumption that the 
correlation held. 

The coefficients, however, merely express the degree of separation 
of the acid between oil and water and are no measure of the absolute 
solubilities in either of the two media. As there is, in general, a decline 
in the solubilities of the solid acids in organic solvents with increase in 
molecular weight, this should probably be taken into account in con- 
sidering any relationship between toxicity and the partition coefficient. 

^ Tho results of the spraying testa with lauric acid were less concordant than with 
the other acids; the average figures have been taken. 
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The differences in solubility in oil might explain the low toxicities of 
myristic, palmitic and stearic acids when compared with, say, decylic, 
and of stearic when compared with oleic, but they do not accoimt for 
the low toxicity of oleic acid as compared with undecenoic, decylic or 
nonylic, oleic acid being miscible in all proportions with oil. 

The Overton-Meyer theory does not distinguish clearly between the 
uses of oil and lipoid in determining the partition coefficient, and the 
question arises whether a liquid fat like olive oil can be legitimately 
substituted for a solid or semi-solid lipoid of the type of lecithin, which 
possesses hygroscopic qualities and complex solubility relationships^. 
A hydrophilic colloid of this type is capable of adsorbing certain water- 
soluble substances. The water-solubility relationships of the narcotic or 
toxic substances arc brought into prominence by this consideration. The 
fatty acids have a group (carboxyl) that is definitely polar to water, a 
fact which has led to the modern theories of Langmuir and Harkins in 
regard to the orientation of these acids in the surface of their aqueous 
solutions. In addition they possess, in their hydrocarbon chain, a group 
definitely polar to products of the type of the organic solvents. Both of 
these properties are possibly of importance in determining passage 
through and adsorption by certain types of membranes and hence the 
toxicity of these compounds. The experiments of Adrian Brown (loc. ciL) 
suggested to him that the different rates of diffusion of the acids through 
the coverings of the barleycorn were due to some unrecognised peculiarity 
in which the molecules of the two classes of solutes were combined with 
the molecule of solvent water. It is perhaps suggestive that in our ex- 
periments saponification of the lower fatty acids, which materially in- 
creases their solubility in water, decreases toxicity; this effect declines 
as the. length of the hydrocarbon chain increases until in the case of 
oleic, the ammonium and sodium soaps are, if anything, more toxic 
than the acid. 

It may therefore be concluded that despite the fairly close correlation 
between the toxicities of many of the acids and the partition coefficients, 
the application to insecticidal action of the Overton-Meyer theory of 
narcotic action does not afford a complete explanation of our results. 
It cannot be applied without consideration of chemical constitution^ 
and other physical properties. Among the fatty acids the correlation is, 

^ Most of the work since* Overton and Meyer indicates that the cell surface is more 
complex than is represented on the lipoid theory. 

* E.g. methylation of the carboxyl group which pr<*8umably decreases the values of 
the partition coefficients water/oil results in a general decline in toxic properties. 
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however, suggestively close and there is obviously need for further work 
on the relationships existing between solubility, penetration and toxic 
action. 

Surface Tension. 

It has been realised for some considerable time that surface tension 
relationships are of significance, and indeed are probably one of the 
determining factors in the problems of permeability, penetration and 
narcotic action. In a long series of papers since 1904, Traube(i6) has 
stressed the importance of this physical property with respect to osmosis 
and penetration. He has applied his “cohesion pressure^” (haftdrilch) 
theory to problems of narcosis, disinfection and the physiological action 
of drugs and poisons. The Overton-Meyer theory of narcosis is criticised 
on the grounds that lipoid-free cells can be subjected to the action of 
narcotics ( 17 ), an objection not applicable to his theory, which is largely 
based upon the view that compounds with the property of lowering 
surface tension will cause a change in the physical state of the cell 
contents, with a consequent retardation of certain metabolic processes 
such as oxidation. Czapek(i8) has shown that surface tension effects are 
of considerable importance in determining the penetration of the fatty 
alcohols and other organic chemicals into living cells. Working with 
several of the higher plants, he showed that penetration took place when 
the aqueous solutions of the alcohols attained a critical value of about 
0*68-0’69 of the surface tension of water. 

It was realised by both Harvey and Crozier {loc. dt.) that capillary 
activity might be one of the factors intimately bearing on the problem 
of the penetration of acids. The surface tensions of the aqueous solu- 
tions of fatty acids from formic to decylic (with the exception of octylic) 
have been thoroughly worked out by Harkins, Clark and King, and 
very complete data have been published by King(i9). King shows that 
from formic to decylic the relative lowering of the surface tension of 
water increases with the molecular weight of the acid; thus a solution 
of 18*6 moles of formic acid per litre causes a reduction at 20° C. from 
72-8 to 41*2 dynes/cm., whereas a reduction to approximately the same 
figure is produced by decylic acid at a concentration of only *0002 mole 
per litre. There is on the whole a similarity between the adsorption 
curves of King and our curves relating toxicity with concentration as 
shown in Diagrams 1 and 2. The data given by King (Zoc. cit.) do not 
go beyond decylic acid, and his experiments show that the true surface 

^ The more a Bubstanoo lowers the surface tension of a solvent, the smaller its cohesion 
pressure when dissolved in it. 
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tension value of the solution of this acid is not reached in the drop- weight 
method until a period of 30 minutes has been allowed for the solution 
to come into equilibrium with its surface. Frumkin(20) estimated that 
solutions of lauric acid require several hours. A few preliminary deter- 
minations of the surface tension of the aqueous solution of the higher 
acids have been made by us, but much further work is required before 
deductions can be drawn in regard to the relationship between surface 
activity and the insecticidal action of these compounds. Using a Traube 
stalagmomcter, with which only a short time can be allowed for surface 
equilibrium to be established, we observed that from lauric acid upwards, 
the surface tensions of the saturated solutions approximated to that of 
pure water. It may be suggestive that toxicity among the acids begins 
to decline with lauric acid, but this decline could not be correlated in 
any simple way with the surface tension of the aqueous solutions of the 
respective acids. The lowered capillary activity under these conditions 
is due to the solubility of these acids being very low and the molecules 
sparsely distributed in the solution. This leads to the question already 
raised (p. 355) as to whether the toxicity of these acids is not in some 
way bound up with water-solubility relationships. 

Summary. 

1. The toxicities to Aphis rumids L. of the fatty acids from formic 
to stearic and of the sodium and ammonium salts and methyl esters, 
a])plied as spray fluids, have been quantitatively determined. Two un- 
saturated acids, undecenoic and oleic, are included. 

2. There is a rise in toxicity of the acids with increase of molecular 
weight as the series is ascended from acetic to undecylic acid. Formic 
acid is exceptional. Beyond undecylic acid, there is a fall in toxicity, 
and acids higher in the series than tridecylic show only slight toxic action. 

3. The sodium salts of the fatty acids are in most cases much less 
toxic than the corres])onding acids, though the difference is less marked 
with the higher acids. Oleic acid and sodium oleate are of the same 
order of toxicity. 

4. The ammonium salts are also generally less toxic than the corre- 
sponding acids, but the differences are much less than in the case of 
the sodium salts. With some of the higher acids, c.jr. myristic and oleic, 
neutralisation with ammonia increases toxicity. The relatively high 
toxicity of the ammonium salts may be due, at least partly, to liberation, 
by hydrolysis, of free fatty acid in a very finely divided state. 
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6. Methylation of the fatty acids reduces toxicity; all the methyl 
esters are less toxic than the acids or ammonium salts. 

6. Both the ammonium salts and the methyl esters show, like the 
acids themselves, increase of toxicity with increase of molecular weight 
up to a certain point. The formates are exceptional. 

7. The fatty acids do not show marked toxicity to the eggs of 
Selenia tetralunaria Hiifn. at concentrations below 2 per cent. 

8. Possible relationships between certain physical properties (physical 
state, volatility, dissociation constants, partition coefficients and surface 
tension) of the fatty acids and their insecticidal action are discussed. 

9. Determination of partition coefficients as between olive oil and 
water and comparison of the figures with the relative toxicities show a 
steady rise in toxicity with a decrease in the partition coefficients 
(water/oil) from acetic to capric acid. Formic acid is again exceptional. 
With lauric and oleic acids there is a break in the correlation. The 
bearing of the solubility relationships of the acids on these results is 
considered. 
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1. The Wireworm Problem. 

Historical. 

Wire WORMS cause considerable annual losses amongst agricultural and 
horticultural crops, and though these losses are especially severe for the 
first three or four years after land has been broken up from grass or 
ley, more or less injury occurs year by y('4ir when the wireworm content 
has reached its normal level. In general farming areas such crops as 
turnips, swedes, potatoes, barley and oats are particularly susceptible 
Ann. Biol, xiv 24 
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to attack, while in horticultural areas tomatoes and chrysanthemums 
frequently suffer severely. 

During the Oreat War the demand for increased food production led 
to the breaking up of grassland and concentrated the attention of farmers 
and others on injurious soil insects. Applications for advice to the 
Board of Agriculture and the Advisory Centres indicated that the wire- 
worm was one of the most troublesome and common of soil pests and 
the wireworm problem was studied by several research workers in an 
effort to obtain fuller information and if possible discover suitable 
methods of control. 

The suscej)tibility of various kinds of garden crops to injury by 
wireworm was studied by A. H. Lees at the Long Ashton Kesearch 
Station (S). Lees studied the vegetable crops grown on land within two 
years of breaking up and grouped them into classes according to the 
degree of susc(‘ptibility to wirew^orm injury. Thus plants like onions, 
leeks, celery and lettuce which were attacked at the fleshy collar, and 
killed, dwarfed or caused to go to seed prematurely wt^rc* classed as 
“very susceptible.” Plants like runner beans, dw^arf beans and peas 
were “rather susceptible,” being dwarfed but not usually killed. The 
cabbage tribe and tomatoes were “slightly suscept-ibli*,” but the former 
ran less risk as the plants were fairly hard about th(» collar at the tinu* 
of planting out. In a fourth group, wireworm injury did not endanger 
the life of the plants: thus with potatoes the injury was confined to 
the tubers (PI. XXIV, fig. 1), considerably decreasing their market value 
but the collar of the plant escaped; carrots also would belong to this 
group. The practical application of these findings was that crops on new^ 
land could be selected with due regard to the probability of wireworm 
attack, and highly susceptible crops avoided. 

A. Roebuck (19), Harper Adams Agricultural College, studied the 
wireworm content of grass fields and newly broken up fields, keeping 
the latter under observation each year until they passed into normal 
cultivation. He found by calculation that certain grass fields near 
Newport, Salop, contained from 21 5,000 to 510,000 wireworms per acre, 
the majority located within the surface two inches of soil(i). Roebuck 
also studied cultural treiitment for the control of wireworms, noting 
that cultivation and systems of cropping exercised considerable influence 
on the pest. 

G. U. Ford(0, Manchester University, made a study of the larval and 
pupal stages of Agriotes obscurm L., the larvae of which are the most 
common wireworm in Cheshire, North Staffordshire and South Lancashire. 
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Probably by far the most important investigation was that initiated 
at the Rothamsted Experimental Station in 1916 by A. W. Rymer 
Roberts (i(»), who studied in great detail the life history and structure 
of wireworms of the genus Agriotes and made some observations on 
those of Alhous hdemorrhoitlalis F., rearing the former species from egg 
to adult which took from August 1916 to the middle of 1921, and deter- 
mining that under English conditions the length of life in the larval 
stage may be of six years’ duration. 

Much was added to our knowledge of wireworms by the research 
carried out from 1915 to 1920 but no definite means of controlling the 
pest was developed, though some attention was paid to control by 
cultural means by Ilarjjer Gray(i2) and others, and local trials with soil 
insecticides, chiefly of a proprietary nature, were carried out. Tattersfield 
and Roberts (21), however, studied the toxicity of organic compounds to 
wireworms and found that compounds with irritating vapours have 
usually high toxi(! values, e.g, allyl isothiocyanate, chloropicrin benzyl 
chloride, while; chemically inert compounds boiling above 170° C. are 
generally uncertain in their poisonous clicct on wireworms after an ex- 
posure of 10(K) minutes at 15° C. 

Post-war conditions, far from stimulating work on the control of 
soil pests, have adversely affected it and the general tendency has been 
for farmers to lay more land down to grass. In areas where intensive 
culture is followed and where industrial areas have provided stimulus 
for market growing, land is, however, constantly being broken up from 
grass or ley. Here the wireworm problem is still serious and the demand 
for effective control measures urgent; for potatoes, cruciferous crops 
and beans in inttmsive areas; strawberries in fruit-growing areas; peonies, 
pyrethrums. asters, chrysanthemums and certain other flowers in market 
growing areas ; and tomatoes and other crops under glass, are all liable 
to severe injury by the depredations of this pest. 

In the autumn of 1925 investigations on the control of wireworms 
( 10 ), (11) were commenced, and these have now reached a stage when 
definite recommendations can be made. The following is a complete 
account of the work. 

The writers acknowledge their indebtedness for suggestions and 
advice to Mr J. C. F. Fryer, M.A., Director, Ministry of Agriculture 
Pathological Laboratory, and for assistance to Mr W. G. Kent, N.D.H., 
Horticultural Superintendent, Isle of Ely. Thanks arc also due to 
Mr Frank Waite of Boston, Mr Ivor Mard of Hatfield and Mr Yates 

24 — 2 
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Christie of Worthing, for their kindness in placing land or glasshouses 
at our disposal for the investigation. 

(2) Observations on wireworm attacks. 

Since wireworms are most troublesome when grassland is broken up 
the general practice is to grow special crops for two or three years before 
adopting the normal rotations followed in the district. Thus oats, 
potatoes, and mustard are often selected during the first few years. 
From the writers’ observations oats appear to be less susceptible to 
wireworm attack than either wheat or barley; they tiller freely and, 
even when attack is serious, make sufficient tillers to carry a crop and 
yield fairly satisfactory returns. Potatoes do well on new land and after 
a crop of potatoes there is generally a marked diminution in the wireworm 
content of the soil, presumably owing to large numbers being removed 
with the crop. There is some risk of the seed tubers being attacked but 
when land is newly broken up there is usually sufficient undecayed turf 
in the soil to provide food for the wireworms for some time. In Lincoln- 
shire it was frequently noticed that early potatoes on newly broken up 
land escaped attack by wireworms while late crops under similar con- 
ditions were often severely infested, probably owing to exhaustion of 
other food. Mustard usually does well on new land and suffers very 
little from the attacks of soil insects, hence it is commonly taken us a 
first crop in Lincolnshire and followed by potatoes the next year. 

In fruit-growing areas where land is broken up for strawberry culture 
it is customary to take one crop, usually potatoes, before planting out 
strawberries. For the first year or two after planting, however, some 
proportion, often a high one, is lost tlirough Avireworm depredations. 
The wireworms tunnel into the young crowns and cause d('ath to the 
growing point, or gnaw at the young roots so weakening the plants that 
many finally perish. 

Where flower culture is followed losses often occur especially among 
cuttings and young plants. In chrysanthemum-growing districts— West 
Sussex, Hampshire, Cambridge and Norfolk — ^the usual practice is to 
plant rooted cuttings out in the field. The wireworms tunnel up the 
stems of these causing considerable loss. In the autumn the siu*viviilg 
plants are taken into the glasshouses, with the result that wireworms 
may be introduced amongst the roots, and their attack on subsequent 
crops like tomatoes often results in the loss of from a quarter to a 
third of the plants. Asters and stocks pricked out as seedlings also 
suffer from wireworm attacks; and pyrethrums, which otherwise do 
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exceptionally well on new land, have often to be replanted. In May 
1926 examination of 18 p)nrcthrum plants on a flower farm in Cambridge- 
shire revealed a total of 18 wireworms present; 10 of the plants 
were free from the pest but 4 of the remaining plants had 3 wire- 
worms at the roots of each, 2 had 2 wireworms each and 2 had 1 
each. Carnations too, frequently suffer from wireworm depreda- 
tions and here again the characteristic tunnelling up the stem is 
apparent. 

Tomatoes in glasshouses often suffer severely from attack by wire- 
worms. In a case which came to the writers’ notice records showed that 
out of 2196 plants 580 were destroyed by wireworms, and several growers 
state that they have lost more than half their plants owing to wireworm 
attacks. In a block of glasshouses near Worthing where tomatoes and 
chrysanthemums were grown alternately, 10 representative soil samples, 
6 in. square and 18 in. deep, taken at the end of the fourth tomato 
season, yielded 9 wireworms: by calculation, a wireworm content of 
156,816 per acre. Careful examination of the attacked plants show that 
the wireworms most commonly enter the stems just below the surface- 
feeding adventitious roots and tunnel upwards from 5 to 8 in. (PI. XXIV, 
fig. 2), causing the plant to become dwarfed, greyish in colour and wilted, 
finally inducing death. In cases of high infestation 5 or 6 wireworms 
per stem may be found, the attack becoming apparent within a day or 
tw'o after setting out the plants. 

An interesting case of wireworm attack on vines was obseiVed in 
Middlesex. Young vines were planted in October 1925 in a properly 
prepared vine border to which a quantity of new turf had been added. 
The vines did not make good headway and eventually the trouble was 
traced to vrireworms which were destroying the roots as fast as they were 
being produced. 

During the winter of 1924-5 the writers examined numbers of swede 
seed plants which were suffering from various bacterial rots and in many 
cases the plants had been first attacked by wireworms, often several 
wireworms occurring in characteristic tunnels in the plants. Mangold 
plants set out for seed were found attacked in a similar manner, espe- 
cially during mild periods in the winter months. 

The nature of wireworm attack on ordinary farm crops is so well 
known as to need no special description. The wide range of plants in 
both general agriculture and commercial horticulture which may suffer 
from the depredations of this pest bears out the truth of Curtis’s state- 
ment (3) that “in the wireworm we have an example of a larva which 
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may be termed omnivorous as far as regards the productions of the 
field and garden.” 

The wireworms occurring most commonly during the writers’ in- 
vestigations in the County of Holland, Lincolnshire, were the larvae of 
Agriotes obscurus L. Odd specimens of the larvae of Athous haemorrhoi- 
dalis F. occurred occasionally at the roots of strawberries and crops 
grown in bays between fruit trees. The larvae of Dolopius marginatus L. 
also occurred in Lincolnshire and were often taken during 1924-6 feeding 
at the roots of cabbages and cauliflowers. The wireworms met with in 
glasshouses were the larvae of Agriotes obscurus L. and A, sputator L. 
These two species were found in numbers in two localities in Hertford- 
shire and in West Sussex. 

(3) Feeding habits of wireworms in relation to weeds. 

In order to obtain information on the natural food preferences of 
wireworms, a survey of the weeds on an arable field in Lincolnshire 
known to be infested with wireworms was made in the autumn of 1925. 
Wherever possible 100 specimens of each species of weed were examined 
but in many cases it was impossible to find that number. Each plant 
with its roots and the surrounding soil was carefully lift(‘d and shaken 
and the number of wireworms found was recorded. The figures are given 
in the following table: 

Table I. 


ISpocies 

No. examined 

Wireworms 

Agropynim repena 

100 

.50 

Taraxacum officinale 

1(K) 

20 

Senecio vulgaris 

100 

15 

Plantago lanccolata 

100 

20 

Poa annua 

100 

7 

iStellaria media 

1(K) 

4 

BromuH sp. 

100 


Chenopodium album 

100 

1 

Urtioa urons 

54 

0 

Sonchus 8pp. 

;u 


Cardamine hirsiita 

24 

2 

Achillea millefolium 

14 

21 

Miscellaneous grass seedlings 

11 

2 

Dactylus glomerata 

10 

1 

Urtica dioica 

7 

0 

Rumex aoctosa 

.5 

o' 

Polygonum peraicaria 

4 

0 

Veronica chamaedrys 

:3 

0 

Potcniilla anfierina 

1 

0 
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The observations indicated that the relation between the wireworms 
and the plant was influen(;ed largely by the character of the underground 
portion of the plant. The moist and fibrous nature of the underground 
portions of yarrow and couch grass proved particularly attractive; the 
tap roots of dandelions w(ire less so; and dry, fibrous roots like those of 
chickweed, goutweed and nettle seemed to be avoided. The specimens 
of groundsel were large and had well-developed roots and those of 
Plantago also had good compact root systems. In addition to the weeds, 
volunteer potatoes and small cabbage plants were also examined with 
interesting results; 100 small potato plants yielded 114 wireworms and 
100 cabbage plants 31 wireworms. 

(4) SeasonM movements of wireworms. 

Wireworms may be found within a few inches of the surface of the 
soil at almost any season of the year, but there are certain wcll-markec] 
periods when they are particularly prevalent. In two plots at Rotham- 
sted, Herts, examined periodically from February 1920 to January 1921, 
Morris (i;J) found wireworms each month, and of the total wireworms 
taken 32-2 and 32-0 per cent, were located in the soil from 5 to 7 in. 
deep. In Abt*rystwyth area in 1920-21 M. Thompson (2 ;j). sampling soil 
from June to the following May, found wireworms within the top 3 in. 
of soil each month except August, the highest number for a sample 
occurring in April. Hammond (5) arrived indirectly at the seasonal 
prevalence of wireworms by (examination of the crops of 10 starlings 
each month for a year, the maximum numbers of wireworms occurring 
in the crops in April, and the minimum during the summer months. In 
like manner Theobald and McGowan (22) found that wure worms occurred 
in greatest numbers in March and October to December. 

Obst?rvations on the wiutcT movements of wireworms in the soil were 
taken by the writers from October 1925 to March 1920. Soil samples 
0 in. S(}uare w(Te examined in three layers: the surface 3 in., the section 
3-0 in. deep and the siHition 0-9 in. deep (vide Table 11). 

Expressed graphically (Fig. 1) the tigur(*s show high peaks in 
October and March for the top 3 in. of soil, with a depression between 
them corresponding to a high peak in the 0-9 in. which reached its 
apex in December and fell off from January to March. In other words 
there appeared to be a steady migration of wireworms down deeper into 
the soil in October, followed by fluctuations, probably in response to 
local conditions of temperature and moistiue, and a steady upward 
movement from January to March. From observations taken in the 
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Table II. 


Date 

No. of samples 
containing 
wireworms 

Surface 
3 in. 

Wireworms present in 

1 

3-6 in. 

6-9 in. 

Oct. 4 and 5 

17 

19 

G 

9 

» 15 

5 

6 

4 

0 

,, 19 

8 

6 

7 

1 

„ 29 

10 

0 

7 

1 

Nov. 6 

10 

5 

8 

3 

„ 14 

10 

0 

7 

4 

» 20 

10 

0 

5 

9 

,, 24 

10 

2 

4 

5 

27 

3 

0 

1 

2 

Dec. 4 

10 

0 

4 

11 

„ 19 

10 

2 

6 

7 

„ 28 

10 

1 

10 

6 

Jan. 2 

10 

0 

5 

8 

9 

10 

1 

11 

8 

„ 15 

10 

0 

5 

8 

23 

10 

1 

4 

7 

» 30 

10 

1 

6 

7 

Feb. 0 

10 

1 

8 

4 

„ 13 

10 

1 

6 

4 

„ 20 

10 

3 

7 

4 

„ 27 

10 

3 

5 

4 

Mar. 0 

10 

4 

2 

4 

„ 13 

10 

7 

7 

3 

„ 20 

10 

11 

0 

4 

,, 27 

10 

7 

5 

2 


field there seems to be another migration ol the wireworms downwards 
in summer, again probably in response to temperature and moisture 
conditions. Thus crops which have been seriously checked by wireworm 
attack often progress satisfactorily in June and July, and during the 
period from June to August it is often difficult to find wireworms except 
at some depth in the soil. In a series of soil samples taken in a glasshouse 
at Worthing in September the majority of wireworms were located at 
frqm 12 to 15 in. deep and some occurred 15 to 18 in. deep. The tem- 
perature at 15 in. deep was 58° F. while at the surface the soil tem- 
perature was 60° F. and the top few inches of soil were very dry, con-* 
ditions likely to occur in the open at midsummer. With the advent of 
autumn these soil conditions change and an upward migration of wire- 
worms is again apparent. 

Seasonal movements of wireworms have an important bearing on 
control measures, for operations carried out in mid-summer or mid-winter 
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would be less likely to yield successful results than operations carried 
out in spring or autumn when the mazimum number of wireworms occur 
in the surface soil. Moreover in mid-summer the land is usually under 
crops and cannot be disturbed while in mid-winter the wet and frozen 



Fig. 1. Ompb showing seasonal movemente ol wireworms from data obtained in 
Lincolnshire, October 192S-Marrh 1926. 

condition of the soil would render cultivation impossible; but in spring 
and autumn, prior to cropping and after the removal of the crops, routine 
cultivation can be made use of in connection with the control of wire- 


worms. 
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11. Baiting as a Means op Assembling Wireworms. 

Ormorod(ii) and Miall(9) discuss the use of rape dust and rape cake 
for attracting wireworms and the former mentions that when a dressing 
of these substances is applied to a crop the wireworms leave the crop to 
feed upon the rape. Potatoes are mentioned by Curtis (3) as a suitable 
bait for attracting wireworms; and Wardlc and Buckle (2i) give a brief 
account of field work in California where potato baits, planted in lines 
down the field and periodically examined, resulted in the trapping of 
as many as 4()()() wireworms per acre. Since then (1913) little was done 
on the use of baits until the discovery of substances toxic to wireworms, 
but too expensive for widespread use under general farming conditions, 
drew the attention of American entomologists to the possibility of using 
bait as a means of assembling wireworms into well defined areas when 
treatment could be applied at a greatly reduced cost. This was referred 
to in 1924 by Campbell (2), who suggested that split beans and rice bran 
might be used for this purpose, and in October 1925 Spuler(2i>) published 
an account of work done in Washington on the use of such baits as bran, 
potatoes, carrots, peas, beans and maize. He arrived at the conclusion 
that germinating seeds attract more wireworms than any other bait; 
moreover, seeds are easily planted and the bait rows can be readily 
traced. 

(1) FUid Experiments 1925. 

In October 1925 the writers commenced investigations at Boston, 
Lincolnshire, to test the efficiency of baiting as a means of assembling 
wireworms and to compare the merits of various substances for 
use as bait. The experiments Avere carried out in a field Icuit for the 
purpose by F. Waite, Esq., of Boston. The field had been broken up 
early in the spring of 1925 and a crop of early potatoes grown. Later 
cabbages had been drilled but these were a failure, so that save for a 
few cabbage plants and odd weeds of the species listed on p. 364 the 
land was fallow. The soil was typical Lin(*.olnshire silt with a con- 
siderable amount of more or less undecayed turf, and here and there 
were pockets of soil of a heavier nature. A portion of the field about 
4 acres in extent was selected for the trials and the soil sjimpled for 
wireworms, 83 samples each 6 in. square and 9 in. deep yielding 81 wire- 
worms, or approximately 170,000 per acre, the majority located within 
the top 3 in. of soil. 

The land was first cleared of weeds and lightly worked with a hoe; 
then from October 5th to 12th 21 rows, each 10 yd. long and 5 ft. apart, 
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were set out with baits at a depth varying from 2-4 in. The baits, 
selected according to cheapness and availability, included chopped 
potatoes, oats, bran, wheat, peas and beans. They were examined after 
a period of 14 days, the whole row, 6 in. wide and 6 in. deep, being taken 
out and sifted, and the assembled wireworms removed and their numbers 
recorded. The following table gives a list of the baits used, indicates 
the order of the bait rows and shows the results obtained. 

Table III. 


Row 

No. 

Uait 

Depth of 
plantin{:C 
in. 

Wireworms 

attracU'd 

1 

Ootatoofl 

4 

41 

2 

Oats 

2-3 

89 

a 

Wheat 

2-3 

88 

4 

Potatoes 

3 

24 

.11 

Ih'ans 

2-3 

51 

(i 

Peas 

2-3 

33 

7 

Potatoes 

o 

15 

S 

Oiass 

4 

34 

a 

Oats 

2-3 

32 

10 

Wlieat 

2 3 

40 

11 

((Vaas 

3 

55 

12 

B(‘ans 

2-3 

41 

la 

IVaa 

2-3 

42 

u 

Crass 

2 

37 

ir» 

Bran 

4 

C)4 

10 

Oats 

2-3 

38 

17 

Wheat 

2-3 

47 

IS 

Bran 

3 

52 

111 

Beans 

2-3 

34 

20 

Peas 

2-3 

02 

21 

Bran 

2 

47 


The results obtained from this experiment indicated that wireworms 
could be r(‘adily attracted to baits. In the total area baited 972 wire- 
worms were assembled, by calculation about 13,()(X) per acre, in 14 days 
from the setting of the bait. A comparison of the total number of wire- 
worms attracted to each bait is interesting; wheat attracted 181 wire- 
worms, bran 1()3, oats 159, peas 137, beans 120, grass 120, and potatoes 80. 

The influence of depth of baiting on the assembling of wireworms 
was shown by the preceding experiment. A comparison of similar baits 
set at varying depths is given in Table IV. 
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Table IV. 



Depth 

No. of 


Bait 

in. 

wireworms 

Total 

Bran 

2 

47^ 



Grass 

2 

37 

. 

09 

Potatoes 

2 

16. 



Bran 

3 

62 



Grass 

3 

65 


131 

Potatoes 

3 

24j 



Bran 

4 

64^ 

1 


Grass 

4 

34 

h 

139 

Potatoes 

4 

4l] 

1 



This indicated that bait planted at a depth of 3-4 in. was more 
efficient than that planted 2 in. deep. 

The next experiment was designed to compare the rates at which 
wireworms were attracted to various baits. With the exception of grass, 
which was difficult to handle, baits similar to those used in the previous 
experiment were set 2-3 in. deep in rows 6 ft. apart and 20 yd. long, the 
series being planted in duplicate. Each day a sample 1 yd. long, 6 in. 
wide and 4 in. deep was sifted out from each row, the first examination 
occurring 24 hours after the setting of the baits. Table V and Pig. 2 
give the results obtained over a period of 24 days. 

This experiment indicated that bran and wheat attract wireworms 
most speedily, and that oats, peas, beans and potatoes increase in attrac- 
tiveness from 6 to 12 days after setting. The attractiveness of bran for 
the wireworms decreased after about 12 days; peas and beans showed 
a fairly steady attraction during the last 18 days, and potatoes showed 
rather poor attraction throughout the entire period. The outstanding 
results were obtained from wheat and oats, which showed considerable 
attraction during the last 18 days of the period, assembling large numbers 
of wireworms during the final week of the experiment. The data ob- 
tained from this experiment suggested that the time available for baiting 
would have some bearing on the bait chosen. Where only a short time 
could be spared bran or wheat or a mixture of both might be set, or if 
a longer period were available oats might be selected as bait. 

In order to secure information as to the distance over which baits 
would prove attractive, two experiments were carried out; the first with 
field beans set in rows at varying distances up to 6 ft. apart, and the 
second with wheat drilled in rows at varying distances up to 10 ft. apart. 
The beans were sown on October 7th and examined 14 days later, and 
the wheat was drilled on October 26th and examined on November 14th. 
The rows were sifted out in the usual way and the number of wireworms 
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Table V. 


Attractiveness of Wireworm Baits. 


Date examined 
October 


bait 

bran 

13 

14 

15 

16 17 16 20 21 
Win'Monns attracted 

22 

23 

"5 

Total 

l8tl2 

(lays 

66 


4 

3 

2 

6 

6 

6 

10 

9 

9 

11 

OatA 


6 

1 

1 

2 

2 

3 

2 

6 

6 

2 

31 

Wlioat 


7 

1 

0 

2 

9 

7 

10 

12 

6 

5 

59 

Peas 


1 

2 

3 

2 

1 

4 

4 

12 

7 

4 

40 

beans 


1 

2 

1 

1 

7 

1 

1 

4 

5 

3 

29 

Potatoes 


1 

0 

1 

0 

1 

2 

6 

16 

10 

7 

44 

bran 


4 

2 

2 

12 

!) 

5 

17 

7 

10 

3 

71 

Oats 


2 

2 

1 

2 

11 

4 

3 

9 

8 

5 

47 

W'hcat 


2 

5 

4 

3 

8 

5 

7 

6 

15 

8 

63 

Peas 


6 

1 

2 

1 

2 

3 

8 

13 

5 

6 

50 

Beans 


2 

1 

3 

0 

6 

2 

13 

6 

7 

5 

51 

I’otatoes 


3 

3 

1 

t 

6 

1 

4 

5 

13 

3 

10 


Date examined 

^ 

r 

Octolier November 

26 27 28 2{) 3f) .i[ 2 3 4 5 Total Tota. 

Wirewuniis attracted 2ii(l 12 for 

, * ^ days period 


2 

5 

4 

1 

2 

0 

1 

0 

0 

1 

16 

82 

10 

1 

15 

11 

5 

22 

14 

5 

1 

2 

95 

126 

3 

5 

1 

2 

2 

9 

8 

6 

8 

11 

55 

114 

4 

2 

2 

3 

2 

7 

2 

14 

3 

4 

43 

83 

1 

0 

1 

4 

0 

9 

4 

6 

5 

9 

39 

68 

2 

2 

0 

0 

2 

4 

4 

4 

3 

4 

25 

69 

4 

0 

2 

3 

3 

2 

2 

0 

1 

2 

19 

90 

4 

1 

8 

8 

3 

20 

8 

14 

12 

17 

95 

142 

14 

6 

2 

7 

7 

17 

12 

17 

12 

8 

102 

165 

6 

4 

7 

6 

6 

2 

9 

6 

4 

7 

57 

107 

6 

3 

2 

5 

5 

3 

0 

4 

0 

10 

38 

89 

() 

2 

6 

2 

5 

8 

2 

2 

1 

3 

37 

83 


Wiroworms assembled per yard 
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recorded. Since sifting was impossible in the time available the inter- 
spaces were Ciirefully dug over, therefore the figures for wireworms in 
the interspaces and the percentage attraction cannot be regarded as 
strictly acjcurate though they give a good indication of the influence of 
the distance between the baits. In the (jase of the wheat, cold and frosty 
weather occurred during the period of baiting and this may have driven 
the wireworms deeper into the soil especially in the wider interspaces 
where no food was available. Tlie results of this experiment, given below, 
indicate that it is undesirable to set bait rows further apart than 4 ft. ; 
and in subsequent experiments the bait was usually drilled in rows ft. 
apart, since the ordinary corn drill could be easily arranged to drill two 
rows at this distance apart. 




Tabic VI. 




How 

DiHtance 

Wirc'W'orniH 

Wirewoiuis in 

l*ere#’nta;j[e 

Bait 

No. 

ft. 

atti deled 

intei>jmci‘ 

at t r.ietfd 

Beaus 

1 

— 


— 



') 

2 

17 

3 

85 


W 

;i 

15 

4 

70 


4 

4 

12 

(> 

t»7 


n 

5 

14 

18 

44 


0 

0 

10 

21 ‘ 

32 

Wheat 

1 

— 

11 

— 



»> 

2 

15 

1 

04 



3 

(» 

1 

SO 


4 

4 

10 

1 

01 


T) 

5 

S 

4 

07 


e 

0 

11 

8 

5S 


7 

7 

12 

>1 

80 


8 

S 

12 

7 

(>3 


e 

0 

27 

4 

87 


10 

10 

25 

4 

80 


On November 12th the area unoccupied by these various (‘X})eri- 
ments, about acres in extent, was well harrowed and drilled with 
wheat to test on a field scale the value of baiting in assembling the 
wireworms. The corn drill used was the usual type of horse-drawn 
machine, about 6 ft. 6 in. wide, and the intermediate spouts were (jut 
out to leave two running about 3 ft. 3 in. apart. The wheat was planted 
about 2| in. deej). 

A sudden change in the weather at this time resulted in almost con- 
tinuous frost and some snow for a considerable time; and periodic ex- 
aminations showed that only a few wireworms visited the bait. The 
trial was finally abandoned because in the spring, before the upward 
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movement of the wireworms in any numbers was apparent, it was 
necessary to prepare the field for the 1926 cropping. 

Several lessons were learnt from these experiments. Potatoes, which 
are often advocated for trapping wireworms, proved muc.h less attractive 
than other baits, especially germinating seeds. Bran, too, was not 
attractive for a long period and after about 10-12 days began to de- 
velop mould, which probably rendered it unpalatable to the wireworms. 
Peas, beans and large pieces of chopped potato were found to be un- 
satisfactory where baiting was to be followed by the use of an insecticide, 
for wireworms, particularly small ones, could be found tunnelling inside, 
where they were probably beyond the reach of the insecticide. The use 
of seeds which would germinate had a marked advantage over bait 
which would not grow, for aftt*r Ihe period necessary to allow for the 
wireworms ass(»mbling, the bait rows could be easily traced by the green 
shoots which appi'ared above the ground. Since the wireworms attacked 
the young plants at tin* base of the plumule after the food stored in the 
grain was exhausted, >\l]en* the pest was very numerous at the bait only 
a few gre(‘n blades could be setui. 

(2) FieJil ExpcrimviifH li)26. 

To test the conclusions arrived at by the foregoing experiments a 
field at (Vdtenhani. (‘ambridgeshire. broken up in the autumn of 1925, 
\vas tJiorouglily cultivated to free the land of weeds, and worked down 
to a lin(‘ tilth. On A])ril J5th it was drilled with wheat in rows 3 ft. 
apart and 2- 3 in. deep. On April 23rd examination of 3 one-yard 
sam})les yielded a total of 58 wireworms and w^hen the experiment was 
concluded 8 representative one-yard sam])les yielded 119 wdreworms or 
about 15 ])er yard, which by calculation indicated an assemblage of 
about 60.(K)() wireworms p(*r acre. The interspaces relative' to the 
8 samj)l(*s taken yielded 24 wireworms. or about 14,599 wireworms not 
assembled. The attraction figure would therefore be about 80 per cjent. 
This experiment indicated that under ordinary field conditions con- 
siderable numbers of wireworms can be assembled at a suitable bait. 

Exjieriments were carried out at Worthing and Cheshunt to test the 
possibilities of baiting land soon after breaking up. since for crops like 
strawberries successful baiting would enable the plants to be set out a 
ye^ar earlier. The trials w(Te made in March- April within a month after 
breaking up the land. The undecayed sods made the setting of the 
baits a difficult process; in the previous cxperiimmts it had b(‘en possible 
to use a drill for many of the baits, but in these experiments it w’as 
necessary to set the baits by hand. At Worthing a variety of baits were 
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planted in rows 20 yd. long and 3 ft. apart; and though the numbers of 
wireworms at the baits were low even after an exposure of 21 days,* 
they give an indication of the relative efficiency of the different baits. 
Fourteen yard samples taken periodically between March 23rd and April 
14th from each bait row yielded wireworms as follows; 

No. of wireworms 


Bait assembled 

Wheat 45 

Oats 24 

Brewers* grains 15 

Rape meal 10 

Castor meal 7 

Rape cake dust 9 

Bran (wet) 8 

» (dry) 4 

„ sweetened with sugar 7 

„ sweetened with treacle 9 

„ and wheat 11 

Malt culms 4 


It was interesting to note in this experiment that rape meal and rape 
dust, the bait usually recommended for attracting wireworms. proved 
very disappointing when compared with wheat and oats. Sweetening 
the bran did not increase its attractiveness to any extent, nor did mixing 
bran and wheat. This latter mixture has since been found very effective 
for short period baiting, but for long period baiting the mould develop- 
ment on the bran extends to the wheat and the bait no longer attracts 
the wireworms. 

In the Cheshunt experiment wheat only was used as bait. It was 
planted on April 8th in rows 2 ft. apart and sampling on May 5th yielded 
18 wireworms from 4 one-yard samples and on May 2r)th 7 samples 
yielded 39 wireworms or an average of about 5 per yard which, judging 
by the number of wireworms still present in the turf and the interspaces, 
w^as only a very small proportion of those present in the land. 

The results from these two experiments showed that baiting could 
not be effectively carried out on new land until the greater part of the 
turf was broken down, a process requiring from 7 to 12 months, according 
to the character of the soil. 

(3) Experiments in Glasshouses 1925-6. 

In the winter of 1925, when the downward migration of the wireworms 
prevented further work on baiting being conducted in the open, it was 
decided to carry out trials in glasshouses in Hertfordshire where wire- 
worms had caused serious losses to tomatoes during the previous growing 
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season. The land had been broken up for glasshouse culture in the winter 
of 1924 and had carried its first crop of tomatoes in 1925 but there was 
still a considerable amount of undecayed turf which somewhat ham- 
pered the work. The soil in house No. 1 was sampled during the first 
week in December and 37 wireworms occurred in 40 samples 6 in. in 
diameter and 18 in. deep. In many cases the samples were taken to a 
depth of 21 in. but no wireworms were found at a depth greater than 
12 in., the majority occurring within the top 9 in. of soil. The house 
was baited on December 9th and 10th with wheat, castor meal, brewers’ 
grains, rape meal, bran and rape cake dust. A different system of applying 
the baits was adopted in order to test the relative efficiency of the bait 
substances under other conditions. The bait was set in holes made with 
a bulb planter, 2-3 in. deep and 2 ft. apart each way. A x^ot containing 
30 sets was allotted for each bait and the whole series was taken in 
duplicate. At the time of setting the baits the soil temperature was 
36° F. and the air tem|>erature 32° F. Periodic examinations of the bait 
were made, but it was not until January 4th, 1920, that the wireworms 
began to assemble. On that date, when the soil tcm})CTature had risen 
to 47° F. one sample in each plot was examined aiid wireworms were 
found at the wheat, bran and castor meal. A week later more wireworms 
occurred in the samples taken and after that the assemblage was rapid 
and continuous. The final examinations were made on February 9th 
and the following table gives particulars of the relative efficiency of the 
baits used and the total number of wireworms from each i)lot. 


Bait 

No. of sets 

No. of wne worms 
assembled 

Wheat 

60 

429 

Brewers’ grains 

(iO 

85 

Castor meal 

60 

73 

Rape meal 

69 

71 

Bran 

09 

68 

Rape cake dust 

60 

63 


As in the field experiments, wheat, the only “live’’ bait, proved 
outstandingly attractive while the remaining baits were comparatively 
inefficient. The periodic examinations of the baits showed that the 
wheat steadily increased in attractiveness throughout the time of ex- 
posure. In this experiment the wireworms collected were recorded in 
three groups; of the total of 789, 42 per cent, were over 18 mm. in length, 
36 per cent, were 10-18 mm. long and 22 per cent, were under 10 mm. 

The soil of No, 2 glasshouse, which was rather cloddy and contained 

Ann. Biol, xiv 
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much undecaycd turf, was sampled and yielded 57 wireworms from 
64 samples 6 in. in diameter. On February 3rd it was baited with wheat 
and })rewers' grains, the two baits which had proved most attractive to 
wireworms in the preceding experiment. The baits were set alternately 
in rows, rows 1-5 inclusive being placed 2 ft. apart and rows 6-10, 3 ft. 
apart. At mid-day on the date of sowing the soil temperature was 48° F. 
Gentle heat was turned on in the house after baiting and when the baits 
were sampled after 20 days’ exposure the following figures were obtained; 


Bait 

Distance 

between 

rows 

ft. 

No. of 1-5'^ard 
samples 

Wirt‘ worms 
assembled 

Approx. No. 
of wireworms 
per yard 

Wheat 

2 

19 

202 

14 


3 

12 

193 

10 

Browers’ grains 

2 

12 

45 

4 


.3 

15 

G1 

4 


Totalling the figure's for each bait, 31 yd. of wheat row yielded 455 
wireworms or an average of about 15 per yd. and 27 yd. of brewers’ 
grains row yielded ] 06 wdreworms or about 4 per yd. 

In a glasshouse near Waltham Cross a further experiment was con- 
ducted on lines similar to the above and it w^as found that wheat attracted 
approximately six times as many wireworms as bran, rape or castor meal. 

These experiments showed that in glasshouses under suitable con- 
ditions wi^e\^'o^ms will assemble in considerable numbers at baits; and 
that, as in the field, germinating seed is by far the most attractive bait 
yet tried. As was noted in the open, soil conditions have considerable 
influence on the efficiency of the baits, for baits set in soil having a 
temperature of 32° F. failed to attract the wireworms until the soil 
temperature rose above 40° F. 

(4) Baiting wireworms amomj growing crops. 

Since wireworms exhibited marked preferences for certain of the 
baits used in the foregoing experiments, and since examination of weeds 
in wireworm infested land in Lincolnshire showed that the pest occurred 
commonly at the roots of some species and only rarely at the roots of 
others in close proximity, it was thought if an attractive bait were s^t 
between rows of crop plants known to be suffering from attack by wire- 
worms, it might be possible to attract the insects and thus save the 
plants. With the assistance of Mr Kent, Horticultural Superintendent, 
Isle of Ely, permission was obtained to test this idea in a field of straw- 
berries in the Wisbech area, known to be infested with wireworms. The 
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land had been ploughed up in the autumn of 1924 and the strawberries 
which were planted out in the autumn of 1925 had not made good 
growth, many having been killed during the winter and others obviously 
suffering from wireworm attack. From the field 19 soil samples 6 in. 
square and 8 in. deep yielded 64 wireworms or by calculation about 
586,000 per acre. On April 9th, 1926, wheat, oats, bran and malt culms 
were set as bait between the rows of strawberries. Periodic examina- 
tions showed that the wireworms were assembling in large numbers. 
All the baits proved highly attractive for the first fortnight; wheat and 
oats, especially the latter, were increasingly attractive during the third 
week but bran and malt culms showed a decrease in efficiency during 
that period. The following table shows the number of wireworms as- 
sembled at the various baits: 


J)ah‘ 

I92(i 

Apnl 

Halt 

No. of 

1 -yard 
samples 

Win' worms 
present 

Average 
per yard 

16 

Wheat 

4 

30 

7-5 

22 

99 

4 

47 

11-75 

30 


4 

48 

12-0 

16 

( )at8 

4 

35 

8*75 

23 

,, 

4 

62 

15*5 

26 


4 

114 

28-5 

10 

Malt culms 

4 

41 

10-25 

23 


4 

35 

8-75 

30 

9$ fl 

4 

20 

5*0 

16 

Bran 

4 

41 

10*25 

23 

»♦ 

4 

41 

10-25 

30 

ft 

4 

33 

8*25 


In order to determine to what extent the wireworms were leaving 
the strawberry plants for the baits, 5 sections, each 1 yd. square and 
containing 4 str-iwberry plants, their relative interspaces and the bait 
row, were examined 3 weeks after the setting of the bait and the following 


results obtained: 


Plantt) Sect ion No. ... 

4 strawberry plants and interspace 
1 yard wheat bait 
4 strawberry plants and mtorsjmco 
1 yard wheat bait 


Wiri'worins asHemblod 


r~ 

1 1 .‘5 

1 1 3 

7 5 8 

3 5 3 

11 9 31 


4 5 Tota'l 

3 0 8 

2 7 29 

0 1 12 

« 3 60 


Thus in an area containing 109 wireworms 89 or 81-6 per cent, were 
attracted from the plants on which they were feeding to bait set in rows 
between the crop. 


25—2 
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In May 1926 an experiment in baiting among crops was conducted 
on a flower farm in Cambridgeshire. On May 17th baits were drilled 
between rows of various kinds of flowers and examination on June 2nd 
gave the following figures: 

Wireworms 

f ^ > 

Interspace 


Variety of plantH 

Bait 

No. of 

1 -yard 
aamples 

Assembled 

and at 
plant 
roots 

Total 

Pyrf'thnims interplanted 

Wheat 

G 

IG 

23 

39 

with GypHOpliila 
Pyrethrums 

»♦ 

a 

2 

1 

a 


Bye 

a 

4 

4 

8 

f • 

Oata 

3 

3 

— 

a 

„ 

Bran 

3 

T) 

3 

8 

Gladioli 

Wheat 

3 

12 

3 

in 

ChryHaiithemums 


a 

17 

8 

25 

Aflters 


a 

20 

2 

22 

Statice 

»♦ 

3 

(> 

1 

7 

Calendula 


a 

3 

5 

8 


These results show that out of a total of 138 wireworms present in 
the area, 88 or approximately 64 per cent, were attracted to the baits. 

Vine borders in a glasshouse near Chislehurst were found to be 
heavily infested with wireworms w’hich were seriously hampering the 
growth of the vines. Wheat and bran mixed 3 : 1 was set as bait on 
July 9th. The borders had previously been thoroughly watered and the 
soil temperature was 76° F. Examined 14 days later, 9 representative 
one-foot samples yielded 92 wireworms assembled and 4 wireworms in 
the relative interspaces, or an attraction of 96 per (;ent. 

It is apparent from these experiments that baiting between growing 
crops has distinct possibilities as a means of attracting a considerable 
proportion of wireworms from the crop plants which are being attacked. 

(5) Cofiditions for successful baiting. 

From the experiments herein described on baiting for wireworms in 
salable fields, in glasshouses, and between growing crops it is obvious 
that certain conditions are necessary for successful results. The baits 
should be set just prior to or during the height of wireworm activity 
near the surface of the soil; that is in autumn during October and 
November, or in spring during March, April and May. The land to be 
baited should be cleared of weeds which by affording other food for the 
wireworms might detract from the efficiency of the bait. The bait should 
be selected with due regard to the time available for its exposure; bran 
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and wheat are both quick acting baits but the former tends to lose its 
attractiveness after about a fortnight; wheat and oats both remain 
attractive for 3 weeks or more, the latter being less attractive during 
the first few days. 

III. Baiting and Calcium Cyanide for Wireworm Control. 

From time to time various substances have been recommended as 
soil insecticides, and under ordinary farming conditions soot, salt, lime, 
kainit, various artificial manures, and naphthalene have been used and, 
though acting chiefly as repellants, they have occasionally been the 
means of temporarily relieving crops from wireworm attack. In 1922 
calcium cyanide in various degrees of fineness became available in 
America and being a cheap and easily handled source of hydrocyanic 
acid gas, a potent insecticide, attracted the attention of economic ento- 
mologists, as a possible remedy for the control of soil insects; and 
Quale (15) published a brief note on this material as a soil fumigant in 
1923. The first mention of calcium cyanide in connection with wireworm 
control was made by Horsfall ((i) early in 1924 and since that time reports 
on its use against wireworms have been published by Campbell (2), 
Spider ( 21 )) and Horsfall and Thomas (7). These investigators found that 
calcium cyanide was highly toxic to wireworms, and though rather ex- 
})ensive for field use, if it was used in conjunction with baiting was likely 
to prove a leasonable and efficient means of controlling this pest. Ex- 
periments conducted in various parts of England in 1925 and 1926 by 
the writers bear out the findings of the American workers. 

Calcium cyanide, Ca(CN) 2 , is made from calcium cyanamid, CaCNg, 
w'hich is produced by a process of fixation of atmospheric nitrogen. It 
is quite distinct from cyanamid, having an extra carbon atom and 
totally different characteristics. When calcium cyanide is acted upon 
by atmospheric water vapour or soil moisture, hydrocyanic acid gas is 
given off ; the reaction is expressed thus : 

Ca(CN)2 + 2 H 2 O - Ca(OH)2 + 2HCN. 

When this takes place the residue is lime and certain nitrogenous 
products which are beneficial to vegetation. In granular form crude 
calcium cyanide is bluish grey in colour, and about 90 per cent, passes 
through a sieve of 20 meshes to the inch and 40 per cent, through a 
30 mesh sieve. In 10 samples of the commercial form used in these 
experiments analysis showed a minimum of 46-20 per cent, pure calcium 
cyanide, a maximum of 53*12 per cent., and an average of 49-1 per cent. 
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(1) Preliminary tests. 

In order to determine the range of influence of calcium cyanide, 
experiments were conducted with wireworms in copper gauze cages. 
These cages were filled with soil and 6 wireworms put in each. The 
cages were then placed in the soil in various positions relative to a row 
of calcium cyanide granules drilled at the rate of 3/8 oz. per yd., the 
whole experiment being carried out in duplicate. Five days after the 
experiment was set up, the following results were obtained: 


Position of cage 

Upon cyanide 

Beside cyanide 

1 in. from cyanide 

2 in. „ 

3 in. „ „ 

Control cage 

This experiment indicated that the lateral range for high toxicity 
was 2-3 in., and a similar experiment with cages 2 in. to the side and 
from 1 to 3 in. above, and 1 to 3 in. below the cyanide indicated efficient 
killing within this range. 

(2) Field Experiments in Lincolnshire 1925. 

In this series four experiments were conducted. The wireworm in- 
fested land was first cleared of weeds and then lightly cultivated and 
baited. After varying periods of exposure, during which examinations 
for assembling wireworms were made, c^ilcium cyanide was applied to the 
bait rows by means of a hand-drill (PI. XX V, fig. 1 ) to which a special deep 
plough attachment {A) had been fitted, thus enabling the cyanide to be 
deposited about 4 in. deep, i.c. just below the level of the baits. The drill 
had an indicator, by which the aperture adjustment was set according 
to the size of the seed to be sown. When the indicator was fixed at 
“Salsify” it was found to drill 60 yd. of bait row with 1 lb. of granular 
calcium cyanide. After the application of the cyanide, the land was 
lightly pressed to cover the cyanide thoroughly and to close the larger 
soil interspaces. 

Experiment No. 1 was designed to test the toxicity of calcium cyanide 
to wireworms under field conditions. On October 19th, 1925, after an 




Hbrbbrt W. Milbs and P. R. Pbthbrbridgr 381 


exposure of 14 days, 12 rows of bait were treated with calcium cyanide 
at the rate of 1 lb. per 60 yd. Rain had fallen the night before the 
application of the cyanide and the ground was therefore rather wet 
and somewhat adhesive, which interfered to some extent with even 
drilling. Four days after application the rows were sifted out and yielded 
a totiil of 299 wireworms, of which 143, or 47-8 per cent., were dead. 
From untreated rows from the check plot a total of 309 live wireworms 
were obtained. 

Experiment No, 2 was laid down to determine the influence of depth 
of baiting on the killing efficiency of calcium cyanide drilled at a depth 
of 3J to 4 in. The baits were set on October 7th, left undisturbed for 
14 days and cyanide drilled at the same rate as in Exp. 1. Six days 
after treatment the rows were sifted out and the results, which indicated 
that 3 in. is the most satisfactory depth to set bait, were as follows : 


J)cpth of Wireworms 

bait , ^ 


ill. 

Alive 

Dead 

Total 

% Killed 

2 

61 

28 

79 

35 

3 

3o 

30 

05 

40 

4 

52 

25 

77 

32 


In similar but untreated bait rows, 150 wireworms, including 1 dead 
specimen, were obtained. 

Experiment No, 3. In this test six bait rows after being undisturbed 
for 14 days, were drilled with calcium cyanide as above, to determine 
the influence of time and exposure on toxicity. The first three rows were 
examined 6 days after treatment and the second three 12 days after 
treatment. The results showed 77*7 per cent, killed after 6 days and 78*5 
per cent, after 12 days, indicating that under field conditions, calcium 
cyanide is likely to kill the majority of the insects within 6 days after 
application. 

Experiment No, 4. Fifty rows of wheat 10 yd. long and 4 ft. apart 
were drilled on October 26th and 27th; on November 9th and 10th, 
calcium cyanide at 20 different rates between 34 lb. per acre (approxi- 
mately 1 lb. per 100 yd.) and 143 lb. per acre was applied. The series 
was put down in duplicate and 10 rows receiving no calcium cyanide 
were left as a check plot. Examination 7 days after treatment yielded 
the results given in the accompanying table. From this it will be seen 
that a dressing of 73 lb. per acre, or 1 lb. per 50 yd. of bait row, gave 
over 90 per cent, kill of assembled wireworms and dressings over this 
amount gave, with one exception, kills of at least 95 per cent. 
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Weight of calcium 
cyanide in lb. 
per acre 


Wire worms 

A 


Alive 

Dead 

Total 

% Killed 

34 

8 

15 

23 

68 

39 

6 

21 

27 

77 

45 

7 

34 

41 

82 

51 

10 

27 

37 

71 

56 

16 

38 

54 

71 

62 

10 

53 

63 

83 

68 

10 

54 

64 

82 

73 

5 

52 

57 

91 

79 

3 

48 

51 

m 

85 

4 

37 

41 

85 

90 

2 

61 

63 

96 

96 

0 

52 

52 

100 

102 

2 

35 

37 

95 

107 

1 

36 

37 

97 

113 

2 

29 

31 

95 

119 

1 

41 

42 

98 

124 

0 

67 

67 

100 

130 

2 

59 

61 

97 

136 

1 

(M) 

61 

98 

143 

0 

42 

42 

1(K) 

Nil 

137 

0 

137 

0 


(3) Experiments in Glasshouses, 1926.' 

At Hatfield a glasshouse, known to be heavily infested with wire- 
worms, was baited on February 3rd, and the house gently heated. The 
soil was cloddy and when calcium cyanide at rates varying from 2- 3J lb. 
per 175 yd. was applied 14 days after baiting, these clods hampered the 
smooth running of the drill, hence the distribution of the cyanide was 
not quite even. Six days after treatment siftings of representative yard 
samples yielded results as follows: 


Bait 

yards 

examined 

Calcium 
cyanide 
per row of 
175 j^anls 



Wire worms 



Alive 

Dead 

Comatose 

Total 

Killed 

10 

2 

25 

40 

14 

79 

50 

12 

2* 

36 

87 

9 

132 

66 

12 

;» 

72 

52 

5 

129 

40 

12 

H 

28 

70 

8 

106 

66 


A wireworm-infested glasshouse at Worthing was baited with wheat 
sown 2-3 in. deep in rows 2 ft. apart on February 24th, and gentle heat 
turned on in the house. Foiui;een days later calcium cyanide at varying 
rates was applied, the rows of bait, readily located by the young shoots 
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of the wheat, being carefully followed with the drill. Six and seven days 
after the application of the cyanide, siftings yielded the results given 
below : 


Amount of calnum 
oyanide per 150 ft. 
of btiii row 


Wireworms 

A 


lb. 

( 

Alive 

1 lead 

X Rilled 

i 

05 

117 

04-28 

1 

51 

195 

79-20 

n 

22 

111 

85-45 

n 

9 

144 

94-11 

If 

12 

149 

92-54 

2 

19 

141 

80-50 

24 

0 

151 

100-00 

Nil 

252 

0 

0 


(4) Experiments amongst growing crops ^ 1926. 

Two experiments were conducted amongst growing crops to de- 
termine whether calcium cyanide could be used to control wireworms 
without causing injury to the crop. 

A strawberry })lantation at Wisbech, baited on April 8th, was dressed 
with granular calcium cyanide on May 4th at the rate of 2 J lb. per 50 yd. 
of bait row. Examination of 10 one-yard samples 3 days after treat- 
ment yielded 59 wireworms. 1 was alive, 2 were moribund, and 56, or 
95 per cent., were dead. 

Vine borders under glass at Chislehurst were treated, after baiting, 
with calcium cyanide at the rate of 3 lb. per 50 yd. of bait row. Ex- 
amination 3 days later gave a total of 97 wireworms including 92, or 
95 per cent., dead specimens, from 11 sej^arate one-foot samples. 

These experiments are of special interest because they show that 
wireworms amongst growing crops can be controlled with calcium 
cyanide, for in neither case were the plants injiu*ed by the treatment. 

(5) Cost of treatment. 

The cost of treating land for the control of wireworms by the baiting 
and calcium cyanide method will depend on the value of the land and 
the type of crops to be grown. The spacing of the bait rows will be 
governed by the cropping, e.g, in glasshouses where a wireworm may 
cause the death of one or more tomato plants each capable of bearing 
6-8 lb. of fruit, the bait rows should be close together so as to attract 
as many wireworms as possible. In such cases the cost of treatment 
will be higher because of the extra bait required, the longer time to 
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set the bait rows and the greater amount of calcium cyanide required. 
In the case of a block of tomato houses each 160 ft. long by 26 ft. wide, 
accommodating 12 rows of bait 2 ft. apart, each house would require 
1^ st. of wheat costing about 2$. 6d. and with a hand-drill this would 
take about an hour and a half to set. The cost of baiting each house, 
therefore, would be about 4i‘. Calcium cyanide at the rate of IJ lb, 
per 150 ft., or 18 lb. for the house, would be required, and cost about 
l5. 2d, per lb., or 215. for cyanide with a cost of application of Is. 6d., 
making a total cost of 225. 6d. for each house. This figure is interesting 
when compared with the methods usually adopted in these houses, 
which is to trap the wireworms with broccoli stems set in the ground 
to a depth of about 6 or 8 in., the woody base of the stalk and the 
roots protruding and serving as a handle for use when examining the 
traps. The broccoli stems are set between the rows of tomato plants 
usually about 2 ft. apart either way and are examined periodically, the 
wireworms boring into the stems being removed and destroyed. The 
cost of treatment in this manner worked out as follows for each house, 
the men being paid at the rate of Ls*. per hour: 

Preparing and setting bait, 1 man 2 hours 2s. 

Examining baits, 4 men 3 hours, twice weekly for 4 weeks... 965. 

This treatment for each house, therefore, cost 985. or about four times 
the cost of the baiting and calcium cyanide treatment. In some cases 
carrots are used as traps and under such circumstances, there would 
be the further cost of these to be added. 

On agricultural land with wheat as bait drilled in rows about 3 ft. 
apart, st. is sufficient for an acre and about 90 lb. of calcium cyanide 
would be required, costing about £4. IO 5 . This, as an initial cost seems 
high but it must be remembered that the treatment will destroy wire- 
worms which would otherwise be active and destructive for at least 
3 years. The cost per year therefore over this period is not great, and 
in any case where intensive agriculture is followed, treatment at this 
expense might be adopted with advantage, though for general farming 
the cost might be considered prohibitive. An advantage of the baiting 
system is that by examining the bait it is possible to locate the main 
areas of wireworms infestation and only the infested portions of the 
field need be treated with the calcium cyanide. 
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IV. Conclusions and Recommendations. 

Experimental work on the control of wireworms in various parts of 
England and in connection with both agricultural and horticultural crops 
indicate that a successful means of control consists of baiting infested 
land with wheat and oats, or a mixture of wheat and bran, and when 
the wireworms have assembled in the bait rows, applying calcium 
cyanide to the rows by means of a suitable drill. This method can also 
be used among growing crops when the space between the rows allows 
room for baiting. During the course of the work much experience has 
been gained as to the most suitable method of carrying out the process, 
and based on this the following tentative recommendations are made. 
The land should be cleared of weeds and the soil worked to as fine a 
tilth as possible a week or so before the bait is set. The bait, preferably 
wheat or oats, should be sown 2-3 in. deep in rows 2-4 ft. apart ac- 
cording to the value of the crop to be grown and the extent of wireworm 
infestation. The bait rows should be examined at about four-day 
intervals to note the rate of assembling of the wireworms, because the 
time of application of the calcium cyanide will depend on this. Under 
ordinary conditions maximum assemblage will take place in about a 
fortnight but should cold weather intervene a week or ten days longer 
may be necessary. The calcium cyanide can be satisfactorily applied 
with a hand-drill of the ‘‘Planet” Junior or “Norrahammar” type, 
fitted with a deep plough attachment, depositing the cyanide at a depth 
of about 4 in., ix\ below the level of the bait. About 2 lb. of calcium 
cyanide per KX) yd. of bait row is usually sufficient to ensure over 
76 per cent, kill of assembled wireworms under ordinary field conditions. 
Under glasshouse conditions, where 100 per cent, kill is most desirable, 
3 lb. per 100 yd. should be used. The calcium cyanide should be covered 
with soil immediately after application and the land rolled or pressed 
to close the larger air spaces and prevent the rapid escape of the hydro- 
cyanic acid gas. Six or seven days after treatment the land can be 
lightly cultivated and opened up to liberate any residual fumes and 
plants can be set or seed sown within the next two days. 

Spring seems to be the most satisfactory time of the year to adopt 
measures for the control of wireworms for the soil temperature is steadily 
rising and the wireworms becoming more active after the winter period 
and working back into the surface soil for feeding purposes. In the 
autumn, though numbers will assemble at baits, the steady fall of the 
soil temperature gradually induces a cessation of feeding and causes 
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the majority of the wireworms to migrate deeper into the soil. There 
is also risk of a sudden period of cold weather occurring during the 
exposure of the bait and driving the wireworms down immediately, so 
that the labour of baiting is wasted. If treatment must be carried out 
in autumn, it is best carried out in late September or early October. 
Calcium cyanide should not be applied when the land is wet, for drilling 
is difficult, even distribution almost impossible, and the drill constantly 
clogs, and, moreover, the hydrocyanic acid gas does not permeate the 
soil effectively. Land can be baited with success 7 or 8 months after 
breaking up from grass or ley ; before this time has elapsed, the pre- 
sence of turf annuls the influence of the baits. If such land must be 
treated for wireworms, calcium cyanide can be applied by means of a 
hopper fixed to the beam of an ordinary plough and regulated to sow 
the insecticide just in front of the falling furrow slice. PI. XXV, fig. 2 
illustrates the type of apparatus. 

Summary. 

A study of the wireworm ])roblem in Great Britian shows that this 
pest is especially important in areas devoted to intensive agriculture 
and commercial horticulture. 

In addition to most farm crops, strawberries, various flowers and 
tomatoes are particularly susceptible to wireworm attack and because 
these crops so often occur on new land, losses due to the ac^tivities of 
the pest are frequent and serious. The nature and extent of wireworm 
attack, both in the field and in glasshouses, is descrribed herein. 

Examination of weeds growing in infested fields indicate that wire- 
worms are found in numbers at the root of some plants such as couch- 
grass, Agropyniin repens, and yarrow, Achillea milUfolium, while very 
few occur at the roots of plants like chickweed, Stellaria media, gout- 
weed, Chenopodium album and annual nettle, Urtica nrens. 

Field observations on the movements of wireworms in the soil 
throughout the autumn, winter and spring indicate that there is a 
definite downward migration in autumn and an upward migration 
in spring. Correspondingly wireworm activity in the surface soil was 
noted to be at its height in September and October, and March, April 
and May. 

Experiments on the use of baits as a means of assembling wireworms, 
indicated that large numbers will collect to baits such as wheat, oats, 
and bran, and moreover these baits can be used to attract wireworms 
from the roots of crop plants, on which they are feeding. Because of 
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tie seaBonal movements of wireworms, baiting is best carried out in 
autumn or spring. 

Calcium cyanide in granular form has been found to be highly toxic 
to wireworms and used, in connection with the baiting, at the rate of 
2-3 lb. per 100 yd. of bait row, destroyed 75-100 per cent, of the wire- 
worms assembled. 

Based on the results of experiments conducted in Lincolnshire, 
Hertfordshire, and West Sussex, during the years 1925 and 1926, and 
involving 10,(K>0 wireworms, recommendations are made for the control 
of wireworms by means of baits and the use of calcium cyanide. 
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REVIEWS 

The Biological Relations of Optically Isomeric Svhstances, By Arthur R. 
CusHNY. Bailli^rc, Tindall and Cox. Pp. vi + 80. $2.00. 

This small book, the product of the Dohmo Memorial Lectureship, and the last 
published work of the late Prof. Cushny, makes profoundJy stimulating reading. 
The peculiar value of such lectureships as these is, that they constitute a platform 
from which acknowledged masters in various fields of scientific endeavour can 
present a fairly complete view of some of the problems met with in the course of their 
work, and enable a partial synthesis to be made of results of researches scattered 
through many journals. Their influence in many cases spreads into new fields. 
It appears to have been the hope of Prof. Cushny that this should be the case, for 
whereas this borderland subject has proved of a certain interest to chemists and of 
importance to the pharmacologist, the biologist, in general, has held almost entirely 
aloof from the consideration of the bearing optical activity may have on the pheno- 
mena exhibited by living matter. This, perhaps, is the more remarkable in view of 
the fact that Pasteur, from a starting point dealing with the crystallographic re- 
lationships of the optical isomers of tartaric acid, found them a direct i)athway to 
his great work in biology and medicine. 

The admirable historical inlrmiuction may prove to the purely biological 
reader as fruitful a portion of the book as an}'. The selective synthesis of optically 
active compounds and their origin in nature, which have an interest in the evolution 
of living matttir, is dealt with .succinctl}' and suggei^tively. I'hLs naturally leads to 
the selective action of enzymes and the preferential growth of • micro-organisms on 
one of the pair of isomers — the well-known lock and key effect of the biochemist, 
and to the decomposition of the isomers in living tissues. To the general physiologist 
these facts constitute a body of important knowledge, but a definite query arises as 
to whether the mycologist and bacteriologist have exploited this field of work as 
critically and thoroughly *is it unquestionably deserves, for here are processes sus- 
ceptible of exact quantitative measurement which, at first sight, would seem to be 
susceptible to the differentiation of strains. 

Of necessity the subject-matter is mainly devoted to an account of the relation- 
ship existing between optical activity and configuration on pharmacological and 
toxic action. But here again the author takes as wide a view of the matter as possible, 
and some attempt is made to draw parallelisms between this phase of the subject 
and other biological effects indicated above and certain well-known biochemical 
methods of preferential precipitation. Analogies of this onler arc not dealt with in 
any uncritical way and throughout the book individual researches and opinions are 
evaluated with considerable spirit. 

These lectures also contain an entirely welcome reminder of the difficulties of 
applying some one chemical or physical concept to pharmacological and ph3rsio- 
logioal action, and that the physiological activity of a chemical substance is seldom 
purely chemical or purely physical. 

The lectures end on the note that the methods required for further advance are 
rather those of chemistry than biology. The review'er feels, that however true this 
may be from a purely pharmacological aspect, a separation into watertight com- 
partments of workers in this field would be little short of disastrous. 

Prof. Cushny’s expressed aim in choosing the subject of these lectures was to 
attract to it more attention and lead others to advance it further. On closing the 
book one regrets deeply that his untimely death has removed a pioneer guide and 
powerful influence to t^ end. 


P. TATTERSFIELD. 
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Enzyme: Properties, Distribution, Methods and Applications. By 
Selman a. Waksman and Wilbubt C. Davison. London; Bailli^re, 
Tindall and Cox. 1926. Pp. xii4- 364. 25s.net. 

This volume docs not prcteml to l)e an original contribution to the subject but is 
the outeome of an endeavour to cjollect in as coneiso a form as possible the available 
information in rej^ard to enzymes and to indicate the sources from which more de- 
tailed knowledge may be obtained. With this aim the authors have consulted over 
200() papers on the subject and pieced together the irregular and loosely fitting frag- 
ments into some kind of a coherent mosaic. Particular attention has been paid to 
the occurrence and preparation of cnzymcji, to the methods of measurement, and 
to the practical applications of enzymatic activity '^phasea of the subject that are 
frequently overlooked in volumt^s on plant and animal physiology and even in more 
specific treatises. 

The I ook is divided into four portions. The first, dealing in general with the 
properties of enzymes, contains an historical introductory chapter followed by 
chapters on enzymes in biological processes; the chemistry of enzymes and enzymatic 
reactions; factors which influ(*nce enzymatic reactions. The second portion deals in 
general with the distribution of enzymt^s and {‘ontains chapters on enzymes of the 
human and animal body; plant enzymes; enzymes of micro-organisms* The third 
portion discusses mcthchls for the preparation and study of enzymes, containing 
chapters on the preparation, preservation, purification and measurement of enzymes; 
enzymes acting ution fats ami esters (esterases): enzymes acting upon carbohydrates 
and their deri\ativc8; enzymes acting upon proteins and their derivatives; oxidases 
and oxido-reductases; zymases; (*atalas(\ The fourth portion (‘onsists of a single 
chaptiT on the practical applications of enzyme a<*tivity. There follow 78 pages of 
refereiu'es and an Index. The nholc value of a book of this nature is in tJic ready 
availability of its data and thi.s to a very large ext(‘nt. dcpimds upon its Index. In 
the present volume the Index is not nearly detailed enough and docs not give a fair 
idea of the mass of data the volume contains: its incompleteness seriously impairs 
the practical use of the Isiok for reference. 'J'he \ olume is one for personal possession 
and the insertion of one’s own annotations and a drawback to this is the price. 
For a lightly bound book of 3()4 pages of almost straightforward type-setting plus 
a few graphs, 255. is too high a price and will prevent many w'ho would find it very 
useful in their w'ork from purchasing the volume. 

The amount of literature in those bonlerline regions is becoming so vast that 
unless workers are, from time to time willing to sacrifice time and energy in collating 
scattered work and making it available in such form as this, scientific research will 
be crushed by its own W’cight and incoherence. In the present case an associate 
professor of soil microbiology' in an Agricult ural Experiment Station and an associate 
professor of jictiiatnos in a famous l^ledical School liave combined to this end. Such 
a collaboration is indited a promising sign of the times, and it is to be hoped that 
it foreshadow's a bridging of the gulf between medical men and w orkers in the cognate 
branches of agricultural science. Both have much to gain and nothing to lose by a 
]>ooling of their knowdinlge and W’ays. 

WILLIAM B. BRIERLEY. 

The Composition and Distribution of the Protozoan Fauna of the Soil. By 
H. Sandon. Edinburgh and London: Oliver and Boyd, Biological 
Monographs and Manuals, 1927. Pp. xv i- 237 with 6 Plates, 11 
Tables, 2 Text-figures and 3 Charts. 156*. net. 

A new chapter of interest in soil microbiology and in the protozoa was opened 
in 1909 when Hussell and Hutchinson advanced their hypothesis on the part played 
by the protozoa in the life of the soil. They show'ed that partial sterilisation of soil 
by heat or volatile antiseptics was follow^ by large increases in the numbers of 
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ammonifying bacteria. In seeking for an explanation of this rise in bacterial numbers 
they discovered that the protozoa normally present in an untreated soil had com- 
pletely or almost completely disappeared from the partially sterilised soil. A limiting 
factor had been removed and since some of the protozoa were known to ingest and 
feed upon bacteria when living in cultures, the suggestion was made that such 
protozoa might function in the soil as the factor limiting bacterial numbers. 

Zoologists had known for many years that several kinds of protozoa could be 
found in fresh water and on moist vegetation, mosses for example, close to the soil 
surface but it was not known that they were to be found normally inhabiting arable 
and pasture soils. Moreover it was a distinctly novel and striking suggestion that 
they were probably functioning in the soil as consumers of bacteria and therefore 
limiting its fertility. 

Many questions concerning them and their life in the soil called for answers and 
most promising lines of biological investigations were opened up. We need not go 
into details of all those but consider some that are relevant to the present purpose. 
Were the protozoa world-wide in their distribution and how far down in the soil 
could they be found ? Did they occur in all kinds of soil and what kinds of Ihrotozoa 
were to be found? Were they entirely new to science or did they belong to genera, and 
species already kno\ni? These questions arc discussed in the book under review 
which is the latest to be added to the admirable series of Biological Monographs and 
Manuals. The book is divided into two parts. The first 09 pages are devoted to the 
general biology of the soil protozoa considew^d under various aspects whilst the re- 
mainder is purely zoological and consists of brief descriptions of all the protozoa so 
far recorded from soil systematically classified. 

In the opening section methods for the study of soil protozoa are first given. 
Then follow' notes on the large collection of soils from various parts of the world 
which have been examined for their presen(?e. The results of this examination are 
set out in tabular form along with figures for total nitrogen, moisture content and 
pH values. Under the head of ‘'Influences affecting Protozoan Fauna of iSoils” a 
number of very interesting points are discussed such as geographical influences, 
rainfall, influence of vegetation, irrigation, soil type, soil bacteria, vertical tli.stri- 
bution of protozoa in the soil and physical and chemical properties of the soil. 
Correlations between the different groups of protozoa and betw^een the numbers of 
protozoan species and nitrogen content, hygroscopicj moisture and pH value are also 
examined. All this is simply written and in a well-balanced manner particularly the 
concluding discussion, pp. oo-oH, The only criticism w'e have to offer of the first 
part of the book is that it is made somewhat difficult to read and carry in the mind 
because of the way in which it is set out. The reason being that the same weight 
of type is used throughout for cross-headings wiiethcr for principal or for subsidiary 
sections. It is probable that the matter could have been more suitably presented to 
the reader by throwing it into chapter form with appropriate seotional and sub- 
sectional headings. 

Introducing the zoological part of thi? work there is an account of the soil protozoal 
community in which it is shown that the majority of the 250 spc^cies so far found in 
the soil have been recorded from other habitats also, w'hilst 21 species only belong 
peculiarly to the soil. 

The descriptions of the species are brief, adequate and to the point and after 
eac^L main group, Mastigophora, Khizopoda and (7iliata there is a very full table, 
bewildering one had almost said, to facilitate the running dov\ n of any given species 
belonging to the group. 

In bringing so much scattered information into a handy form the l)ook will be 
indispensable to the investigator in soil microbiology and to the general biologist 
desirous of studying the subject. Its value would, we think, have besen even greater 
had it been possible to find room for more drawings of protozoa. The six plates are 
good and the figures clear and not crowded whilst particularly useful is Plate 1 
showing the appearance of the cysts of some of the commoner forms, but wo should 
have liked to see more figures even had it meant sacrificing one or two tables or 
possibly the three charts at the end of the book. The time and labour expended on 
the latter might, we feel, have been devoted to giving us more drawings. 
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There ia a good bibliography and the whole work is happily almost completely 
free from errors or misprints. We have, however, noted the following: p. 73, Plate IV 
should be Plate II and p. ISb, Butochli is used in error for Butschli. 

T. GOODEY. 

Hydrogen Ion Concentration. Its Significance in the Biological Sciences 
and Methods for its JJetermination. Volume 1. Principles of the 
Theory. By Leonar Michaelis. Authorised translation from the 
second revised and enlarged German edition, by W. A. Perlzweig. 
London: Bailliere, Tindall and Oox, 1926. Pp. xiv + 299. 32 Figures. 
22a*. i\d. 

Michaelis has been one of the pioneers in the application of physico-chemical 
methods to the study of biological systems. His Wa^serstoffioTienkonzentralioTt^ pub- 
lished in 1912, was 1h(‘ first and for many years the only comprehensive treatment 
of the most fruitful section of this work- the definition and measurement of the 
intensity factor of acidity and alkalinity. The subject developed so rapidly both on 
the thooretic‘al and Jipplied sides that the sw'cond edition was plamied in three separate 
volumes dealing r(V4pectively with theoretical foundations, the methods of measure- 
ment and the apjilications, esfiecially to colloid chemistry and physiology. Volume I 
on “I'he Principles of the Theory” was published in CJerman in 1921, but the trans- 
lation, here reviewed, includes a few brief discussions of some of the more significant 
advances in the intervening five years, rnfortunately Volumes II and III have not 
yet apptNired. Although these applied 8(»ctions may appeal more directly to the 
biologist, some acquaintance with the theoretical principles is clearly essential if 
ineasureiiumtH of tlie complex systems t)f biology an* to be accurately performed 
and correctly interpreted. In the first half of the book the chemical equilibria of the 
ions are pr(‘sent<*d clearly and in detail. I’he second half on the ions, especially the 
hydrogen ions, as sources of cU'ctrical potential differences is more novel; an attempt 
IS made to build up into a single coherent striu^ture a seriinj of facts and theories 
derived from isolated ph>'sieal, chemical and physiological investigations of these 
phemnnena. Tnity of treatment has been maintaiiUKl at the expense of the literature 
references. 

In Chapter I the results of the application of the simple mass action law to the 
electrolytic dissociation of water and weak acids and bases are brought out with 
particular clearness by means of the extensive use of dissociation and dissociation- 
residue curves. These lead easily to the amphoteric electrolytes and the concept of 
the isoelectric point. The influence of the hydrogen-ion concentration on the solubility 
of slightly soluble compounds of special biological interest, e.g. calcium carbonate 
and uric acid, is treated in detail. It may be noteil that the translator follows the 
convenient American convention of writing Sorensen's symbol as pH. 

The significance of titratable acidity, pll value and buffer action in the measure- 
ment of acidity are briefly diseussinl. rhapier ill forma a particularly useful intro- 
duction to the most diflicult aspect of the ionic theory — the “anomaly of strong 
electrolytes." Neutral salts do not obey the simple mass-action law, if their degree 
of dissiKuation is estimatt»(l, as in the ease of weak electrolytes, by means of the 
electrical ootid uctivitie.s of their solutions. They are now' regarded as completely 
dissociated but influenced h> electrical interionic forces and hydration. Further they 
appear to increase the degree of dissociation of weak electrolytes, so that in physio- 
logical processes the absolute dissociation constants of the weak electrolytes will 
need to be replaeiHl by constants rediiecxl to the physiological salt contents. Michaelis' s 
treatment is essentially historical, but it is sufficient to show wheie caution is 
necessary and to indicate the nature of the mollifications that the newer theories 
may introduci^. 

The effects of a possible actual salt formation an<l electrolytic dissociation in 
non-a(£ueous solutions are briefly considered in Chapters IV and V. 
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Although all solutions of electrolytes contain equal amounts of positively and 
n^ativcly charged ions, when considered in bulk, slight inequalities may occur at 
the boundaries of different phases. The large amounts of free electricity involved in 
such separations of the oppositely charged ions give rise to a number of electrical 
phenomena which may have important physiological bearings. The potential differ- 
ences between metallic electrodes and solutions (Chapter IV) provides the basis for 
the electrometric estimation of hydrogen ion concentration by the hydrogen or the 
quinhydrone electrode. Diffusion potentials (Chapter VII) occur at the junction of 
two aqueous solutions of different composition, but they are of little physiological 
significance and may easily be eliminated by the potassium chloride bridge in electro- 
metric pH measurements, (^hapter VIII describes the potential differences that 
arise at the boundary of two phases in consequence of the limitation imposed by 
electrostatic effects on the distribution of the ions between the phases, as in Beutner's 
oil -water chains, and Chapter IX those between solutions separated by a membrane 
impermeable to one of the ions, the Donnan c ffect. 

A lengthy final chapter attempts to bring order out of the confusing subject of 
adsorption. No fundamental contrast exists betw^cen the so-called chemical and 
physical forces involved in chemical union and adsorption. The exceptional ease of 
ad^rption of the hydrogen and hydroxyl ions leads to the classification of sub- 
stances, not in state of molecular dispersion, as acidoid, basoid, and ampholytoid 
according as they show analogies with acids, bases and ampholytes, Electrokinetic 
processes such as the movement of suspended particles and the passage of watt>r 
through a diaphragm under the influence of applied voltages are discussed in con- 
siderable detail in connection with the adsorption of ions. The distinction l>etweon 
these adsorption potentials and the true phase boundary potentials is emphasised. 

This book will undoubtedly take its place as an indispensable reference book to 
be used in conjunction with a practical treatise such as (Jlark’s Determination of 
Hydrogen lons^ by all workers, whether biologists or chemists, concerned with the 
better understanding of the chemical processes in living organisms and their en- 
vironments. 


E. M. CROWTHER. 
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COMPARISON BETWEEN KAURI PINE AND 
SWAMP KAURI {AQATHIS AUSTRALIS) 

By J. F. hartley, A.R.C.S., M.Sc. 

(Forest Products Research Laboratory. Department of 
Scientific and hidustrial Research.) 

Owing to the decreasing supplies of kauri pine the market has had 
recourse to the supplies of swamp kauri in order to keep pace with the 
demand for this valuable New Zealand timber. 

Swamp kauri is the name given in the trade to the timber milled 
from the buried logs of kauri pines (Agathis australis) which flourished 
in the distant past and which have been preserved to the present day 
by being submerged in their native swamps. The high price of kau;ri 
pine has made the extraction and utilisation of these logs a remunerative 
business, especially as it is difficult to distinguish with any degree of 
certainty between swamp kauri and kauri derived from trees grown in 
the present time. 

As users of kauri pine are doubtful whether the qualities of swamp 
kauri approach the excellence of those of kauri pine it has been necessary 
to examine a number of specimens in order to find if it is possible to 
distinguish the timber derived from felled logs from that obtained from 
the submerged logs. 

The material for examination consisted of some ten reputed samples 
of various sizes of kauri pine, and of four samples of reputed swamp 
kauri which had been obtained by the Forest Products Research Labora- 
tory through the courtesy of various London firms. All the samples had 
been air dried and several of the specimens had been in storage for a 
considerable number of years. Unfortunately no determinations were 
made of the moisture content of the samples when they were received, 
but probably none had a moisture content in excess of about 25 per cent. 

Comparisons between swamp and normal kauri were confined to an 
examination for structural differences observable under the microscope, 
to the measurement of the amount of swelling and shrinking (“ working ”) 
with change of moisture content, and to the determination of the 
moisture content when in equilibrium with an atmosphere of a given 
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relative humidity and of the density of the wood substance composing 
the different samples. 

In the microscopic examination no consistent difference could be 
found between the normal and the swamp kauri. In both the number 
of resin tracheids was substantially the same. The only difference that 
could be noted was that the number of tracheids with inclined striae 
on their walls was slightly greater in the swamp material than in the 
normal though in neither case were these markings either numerous or 
pronounced. 

Table I. 

Kauri pine, Bata on the shrinkage of five specimens derived from 
two samples of kauri pine on be mg oven dried at 105° C. 

Kauri 1 Knurl 2 

Weight in gm. 

Volume in cm.® 

Density 

% moisture content 

Oven dry weight 

Oven dry volume 

Oven dry density 

Moisture loss in gm. 

V^olume loss in cm.® 

Volume change per'J 
loss of 1 gm. v 
moisture J 

Swamp kauri. Data on the shrinkage of six specimens, three from each 
of two sampler of swamp kauri, on being oven dried at 105° (\ 




iSwanip kauri 1 


Swamp kauri 

A 

t> 


r 

a 

h 

^ 

t 

r 

a 

h 

c 

Weight in gm. 

3l-4«r> 

32-0.50 

31-490 

54-980 

53-208 

53-392 

Volume in cm.® 

53o9 

54-70 

52 50 

89-91 

87-78 

89-13 

Density 

•587 

•590 

•000 

■015 

•000 

•598 

% moisture content 

13-82 

13-71 

13-35 

13-05 

12-80 

12-05 

Oven dry weight 

27-(>45 

28-712 

27-782 

48-034 

47-144 

47-390 

Oven diy volume 

51 •.57 

52-94 

50 78 

80-20 

85-94 

80-40* 

Oven dry density 

•536 

•542 

•547 

•504 

•549 

-.549 

Moisture loss in gm. 

3-820 

3-938 

3-708 

0-340 

0-(H)4 

5-990 

A^olurae loss in cm.® 

202 

1-82 

1-72 

3-71 

1-84 

2-73 

Volume change per| 
loss of 1 gm. 

•529 

•402 


•585 

•303 

•45.5 


moisture J 


a 

b 

a 

b 

c 

10-994 

10-415 

25-074 

27-823 

' 29-751 

29-31 

28-39 

40-23 

43-50 

48-48 

-580 

•578 

•023 

•040 

•014 

14-09 

14-13 

10-89 

11-22 

11-07 

14-890 

14-383 

22-010 

25-010 

27-787 

27-29 

20 39 

38-t;S 

42-21 

40 90 

•540 

•545 

•585 

•593 

•571 

2-098 

2-032 

2-458 

2-807 

2-9(»4 

2-02 

2-(K) 

1-55 

1-39 

1-58 

-903 

•984 

•031 

•495 

•5()<> 


Table II. 
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The comparisons of the changes in volume which occurred in the 
two types of material on change of moisture content were made by 
measuring the volume of a number of rectangular blocks of about 
60 cm.* in size, in the air dry state under current laboratory conditions 
and again after drying in an oven at 106^^ C. 

Two samples of normal kauri were taken and two of swamp kauri 
and measurements were made, except in one case, of the dimensions of 
three rectangular blocks prepared from each of the four samples. Each 
dimension of a block was taken as the mean of the measurements made 
at nine different points with a screw gauge measuring to 1/50 mm. The 
results of the measurements made before and after drying are given in 
Tables I and II, in the last line of which will be found the shrinkage in 
volume that the blocks suffered on losing one gramme of moisture. 

It is seen from the figures that although there is a certain amount of 
overlapping among the figures, the shrinkage of swamp kauri is definitely 
less than that of normal wood losing moisture under the same conditions. 
Although the shrinkage was measured over a different range of moisture 
content, this result is in agreement with the finding of .Tanka (i) that 
wood which had been soaked for a period of one and a half to three 
years in salt or in fresh water shrank less on drying from the wet to the 
air dry condition than green wood which had not been so treated. 

The hygroscopicity measurements were made by suspending a slip 
of wood, 0*.60 mm. thick and weighing about 0*10 gm. from a calibrated 
spring supported in a glass vessel made by cementing together pieces 
of sheet glass of suitable size. The relative humidity in a vessel was kept 
at a constant value by the presence of some suitable salt moistened with 
water. The extension of the spring was measured with a travelling 
microscope reading to 1 /5()th mm., when the wood had reached the 
moisture content in equilibrium with the atmosphere in the vessel. 
From the oven dry weight of the slip of wood which was determined 
subsequently, and the spring calibration chart it was a simple matter 
to calculate the moisture content in the different relative humidities. 
The sensitivity of the springs used was such that with a load of about 
0-10 gm. an extension of l/50thmm. was equivalent to a difference in 
moisture content of somewhat less than 0*04 per cent. 

The following salts were used to condition the air within the vessels: 
sodium chloride and the hexahydrate of calcium chloride in the presence 
of a small quantity of water, and fused calcium chloride. The relative 
humidities over these salts at laboratory temperatures are approxi- 
mately 75, 35 and 3 per cent, respectively — Obermillcr(2). 
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The spring extension was found for each of the two specimens of 
normal kauri pine and swamp kauri in the successive relative humidities 
of the following cycle: 75, 35, 3, 35 and 75 per cent., by transferring the 
specimen while still suspended from its spring to the next vessel after 
equilibrium had been reached in the previous atmosphere. 

Table III. 

Comparison of the equilibrium moisture content of two specimens each of 
kauri pine and of swamp kauri over the given relative humidity cycle. 
Temperatures at the time of equilibrium given in each case. 


Approximate Kauri pine Swamp kauri 

relative , ^ t ^ 



Salt 

humidity 

/o 

No. 2 

No. 3 

No. 2 

No. 3 



%M.C. “C. 

OoM.C. "C. 

%M.C. 

%M.C. ^C. 

1. 

NaCl 

75 

150 13 

15-7 12 

10-3 10 

15 9 10 

2. 

Caa„ OH,0 

35 

11*4 11 

11-9 12 

121 10 

no 17 

3. 

CaCl, 

3 

0-4 12 

0 0 15 

4-3 17 

20 17 

4. 

CaCla, GHgO 

35 

9*9 13 

101 18 

9 8 15 

94 17 

5. 

NaCl 

75 

151 13 

15-7 10 

10-0 13 

15 8 17 


The moisture contents of the samples of normal and swamp kauri 
in the successive stages of the above relative humidity cycle are given 
in Table III. No attempt was made to keep the temperature constant, 
but in the table the temperature of the air close to the vessel is given at 
the time of measurement of the spring extension. On the analogy with 
the effect of temperature on the regain of cotton and other materials, 
Wilson and Fuwa(«), the temperature effect in these experiments will be 
less than the experimental variation. 

It will be seen from the figures in the table that there is no constant 
difference between the normal and the swamp kauri as far as regards 
hygroscopicity. The reason for the considerable differences in the 
moisture content of the samples in the atmosphere controlled by “dry” 
calcium chloride is that sufficient care was not taken to see that the 
calcium chloride was sufficiently dry in the earlier experiments. 

The most interesting feature disclosed by the figures is the marked 
hysteresis shown on the return cycle over the hydrated calcium chloride 
(35 per cent, relative humidity) which, however, practically vanishes 
when the atmosphere of 75 per cent, relative humidity is again attained. 
This agrees with the latest work on the regain of cotton in which it is 
shown that absorption and desorption are reversible over short portions 
of the regain curves in the neighbourhood of saturation and of zero 
moisture content — Urquhart and Williams (3). 
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The last property which was investigated was density of wood 
substance and here also no decided difference was discoverable between 
the two classes of material, although the swamp kauri had on the average 
a somewhat lower density. 

Densities were determined as follows. About 5gm. of the sample 
was cut up into small cubes of sides of about 1 to 2 mm. The material 
was then waterlogged by soaking imder distilled water under reduced 
pressure for a week to ten days to remove the contained air. The material 
was then weighed in a specific gravity bottle of 50 cm.® capacity in 
boiled distilled water. After determining the oven dry weight the 
density of the wood substance of the sample of kauri was calculated at 
15° C. after making any requisite temperature corrections. 


Table IV. 

Results of the determinations of the densitij of wood substance at 15° C, of 
ten samples of kauri and four of swamp kauri. For comparison are 
given the determinations for three samples of common birch. 


Kauri pine 

Swamp kauri 

Common birch 

1-485 

1*494 

1-512 

1*513 

1*504 

1-502 

1-512 

1-497 

1 520 

1-525 

1-510 

— 

1-534 

— 

— 

l-48(i 

— 

— 

1-53(1 



1 z 

1 41)5 

— 

1-503 

— 

— 

1 512 

1-503 

1511 


The results of the determinations for ten samples of normal kauri 
and for four of swamp kauri are given in Table IV, which shows that on 
the average the density of the wood substance of swamp kauri is less 
than 1 per cent, lighter than that of the normal kauri. For comparison 
figures are given for three samples of the common birch (Betula alba). 
The figure obtained for the density of wood substance by this method 
is not necessarily that of the wood substance itself but is the mean 
density of all the solid material of which the wood as a whole is composed. 
It must also be remembered that the density measured is that of wood 
substance in water which is about 5 per cent, higher than that of the 
dry material. 
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Similarly to starch, gelatine and other colloids when wood substance 
absorbs moisture the final volume of the damp material is somewhat 
less than the sum of the separate volumes of the material and of the 
moisture absorbed owing to the volume contraction that occurs on 
wetting — Volbehr ( 4 ). 

In some recent work on swamp kauri Welch (ro has shown that kauri 
milled from these buried logs is liable to become worthless, due to damage 
which develops during seasoning and which reduced the tensile strength 
to the same value as the compression strength. This reduction in 
strength he attributes to the spiral checks or (jracjks which appear on 
the tracheid walls during the process of seasoning (presumably artificial 
seasoning). Some of Janka’s experiments (i) are of interest in this con- 
nection since he showed that a period of two to three years* soaking in 
fresh or in salt water definitely reduced the compression strength of 
timber by somewhat over 5 per cent, when tested subsequently in the air 
dry condition; approximately 13 per cent, moisture content. He made, 
however, no microscopical comparison between the soaked timber and 
the controls. 

Welch found no difference in the ash content, or in the rate of 
moisture loss or of moisture absorption between kauri pine and the 
swamp kauri. 

Summary. 

Swamp kauri was compared with normal kauri pine wood but no 
very decided differences between them were discoverable. 

No definite structural differences were noted in the microsc(q)ic 
examination. I 

The shrinkage in swamp kauri was found to be less than in normal 
kauri when losing moisture under the same conditions. 

No differences in hygroscopicity were noted. 

The density of the wood substance of swamp kauri is the same or 
slightly less than that of normal kauri pine. 

No mechanical tests were made. 

The above investigation was carried out by the Forest Products 
Research Laboratory. I am indebted to the Director, Mr R. S. Pearson, 
C.I.E., F.L.S., for granting permission for publication. 
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J. INTRODrCTIOX. 


In a previous paper (7) rejiorting upon yield studies in oats, the influence 
of the parent crop upon the seed produced, its germination and subse- 
quent growth, was shown to be one of the factors influencing the growth 
and yield of this cereal. It was found, for example, that the altitude at* 
which the parent crop was grown influenced the panicle organisation 
and the quality and quantity of the grain jiroduced; time of sowing of 
the parent crop was also shown to have an effect upon the seed qualities. 
The present paper forms a continuation of that study; the influence of 
the seed characters of commercial samples are considered. 
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Under normal economic conditions it is rarely an easy matter for 
the practical grower who purchases seed to obtain reliable information 
of potential value, as to the growth and environment of the parent crop ; 
it is not always even possible to trace the parent crop. The farmer is 
therefore faced with the problem of selecting seed without such know- 
ledge and is often forced to rely upon his own judgment of the seed as 
gauged by its apparent qualities re-enforced by germination data which 
are obtained through the provisions laid down in the Seed Act. 

A study of a number of seed samples — of one variety, Record, 
believed to be a genetically pure type — has been undertaken in order to 
evaluate the importance from the standpoint of producing a good yield 
of those seed characters, which can be more easily ascertained. 

For this purpose a number of samples from different environments 
were collected — and Wales ])ossessing widely differing crop environments 
is a very suitable area from which to select. These samples were analysed 
and then grown together under normal conditions, so that growth data 
could be obtained. 

II. THE ( OLLECTION OF THE SEED SAMPLES 
FROM DIFFERENT ENVIRONxMENTS. 

Twenty-five samples of grain were obtained from crops of Record 
oats grown in every Welsh county in the year 192(>; some were from 
fertile lowland, others had been grown at surprisingly high elevations 
for Avena sativa. Although an attempt was made to obtain a natural 
sample as harvested, the absence of small grain (produced by the second 
flowers of the spikelets) in several cases indicated that some process of 
mass selection had been carried out in those samples particularly rich 
in large (‘‘first”) grain. For such reasons it was not possible to obtain 
all the data desired bearing on the question of the effect of “source of 
origin” upon the grain sample. Despite this, some interesting figures 
were observed in particular cases. From a crop grown at an elevation 
of 1200 feet above sea-level in the Llanarnion Duffryn Ceiriog district 
of Denbighshire the grain sample consisted almost entirely of extremely 
heavy first grain (no doubt some small second grain had been separated). 
The average weight per 100 dry caryopses of this sample was 31*69 gm. 
contrasting with a general figure of from 20-24 gm. It would appear 
that the number of grains per spikelet was reduced at this elevation. No 
data as to the number of spikelets per plant were obtained, but from 
previous work(O) it would seem probable that this number w'ould be 
also reduced. 
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The moisture content of the samples varied from 12*5 to 17-2 per 
cent. The percentage husk varied from 23 to 28*5 per cent. Twenty-four 
of the samples were true to type — one was discarded on morphological 
grounds. A sample from a crop harvested in wet weather and stored 
so that the grain became heated was deliberately included in the series. 
This sample (Cc. 3069) gave very low germination figures and was out- 
standing on that account, so different was it from the remaining 23 
samples (i.e. the deviation from the mean being exceptionally large) 
that frequently this sample determined the nature of the correlation 
coefficient between two sets of data. Calculations, omitting this sample 
(Cc. 3069), also have been made and wherever data for 23 samples are 
presented this is the one low germinating sample that has been omitted. 
By its very low germination and establishment figures a helpful extreme 
case has been provided for study. 

HI. THE METHODS ADOITED FOR THE ANALYSIS OF 
THE SFED SAMPLE; (‘0LLE(T10N OF SEED DATA. 

(a) WeifjUper lOVi) graini>>. The representative samples were carefully 
drawn by the approved method of the seed-testing stations and the 
average figure employed. 

{b) Moisture content, percentage husk and dry weight of canjopsis. 
After husk removal of a sample of approximately 5 gm. weight, the 
caryopses were rapidly ground uj) and dried in an oven at 95° C. until 
constant weights were obtained. Drying in vacuo could not be carried 
out with so many samples (approximately 200). It was found that 
higher temperatures caused very slight increase in weight in the case 
of the ground caryopses if the drying was too i)rolonged, due no doubt 
to some oxidation. All moisture estimations both of the husk and 
caryopses were carried out in triplicate series. The percentage of husk 
to total is calculated upon the dry weight basis although it was only 
rarely found that the husk and caryopses differed in moisture coiitent. 

(c) Sand gerrnination tests — healing the grain. These tests were carried 
out, by the standard seed-testing method, using glazed earthenware 
saucers covered by slate. Five replications, i.e. five separate hundreds, 
of each sample were tested together. Another series of 500 seeds, which ' 
had been previously heated for 15 minutes at a temperature of 76° C. 
with all the grain spread out so as to acquire rapidly the oven tempera- 
ture, was also tested. 
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IV. TIJK COLLECTION OE THE GROWTH DATA. 

Five replicated rows of each sample of grain, both heated and control, 
were grown together in a vermin-proof cage. A particularly homogeneous 
plot of ground was sedected for the experiment. The rows were arranged 
so that no given sample would be favoured by the position its rows 
occupied. The heated samples were separated from the controls as it 
was expected that several of these heated samples would give a low 
establishment p(^^centage; had these rows been amongst the controls 
differential shading would have been unavoidable. It is believed that 
any (it must have been very small) differential shading between the 
control rows or the treated rows per m was compensated for by the 
chequer arrang<*inent of the replications. The rows were spaced at a 
distance of one foot apart, 200 seeds were sown per row. Sowing took 
place on the 24th March. 

Counts of the expanding first leaves were made at given intervals, 
the number of established plants was also estimated at frequent intervals. 
It was thought that data of value might be obtained by repeated in- 
spection of the rov^s and the allocation of marks to each row upon a 
standard basis; such impressions as “general growth vigour*’ character- 
ised by the amount of green leaf visible were regarded as a suitable 
basis for visual estimations. These inspection data were later carefully 
compared with absolute meavsurements including the number of plants, 
height and weight, and whereas they certainly conveyed a fairly good 
idea of the growth made they would not bear a detailed critical examina- 
tion and therefore are not presented here. 

As the experiment was designed primarily to trace out the effect of 
the seed characters upon early growth it was theoretically desirable, 
in the ideal case, to eliminate any other disturbing factors. In an attempt 
to meet this requirement it was decided to remove the plants for dry 
weight analysis before any competitive effects were apparent. Tillering, 
which does not take jilace to the same extent in every plant, begins very 
early at about the fourth week ; it was thought that the effect of the seed 
characters would then still be apparent as indeed it has been demon- 
strated by other workers, Brenchley(i) and Findlay ( 3 ), that size of 
seed influenced final yield in annual crops. The plants were removed 
on June 1st before any tillers had withered : all the plants were in the 
same “growth stage”; they were “leafy*’ and no tillers had shown any 
signs of panicle formation. Inequalities in actual size of the plants of 
different samples will be considered in the discussion of the data. 



404 


YiM Studies in Oats 


Table I. 

Showing the range of the figures used for the correlation 



coefficient calculations. 



(1) Seed data. 




Dry weight 


Weight per 

per 10(K) 


1000 seeds 

% moisture caryopses 


gm. 

content 

gm. 

% husk 

Maximum 49-42 

17-11 

31-69 

28-30 

Minimum 30-42 

12-52 

19-05 

23-47 

Average 36-74 

14-35 

23-32 

26-30 

(2) Sand test germination and field establishment data. 


o 

/O 

(1 

/o 


% genn. 

‘Ji, total estabiisli. 

establish. 


4th (Jay 

germ, sand seedlings. 

plants. 


Senes sand test 

lest 3 weeks 

10 weeks 

Note 

Control 




Maximum 87 

98 38 

37 

* The poorest sam- 

Minimum 15* 

24* 8* 

10* 

ple (Cc. 3069) in- 

Average 66 

89 31 

29 

cluded to provide 

^'Heated gram" 



an extK'me case 

Maximum 81 

97 38 

34-5 

(see text). 

Minimum 2* 

27* 8* 

9* 


Average 43 

88-5 29 

26 



(3) Growth data. 




Dry weiglit of 

Average dry weight 


bulk obtained 

per 100 plants 

Senes 

gm. 


gm. 

Cmdrol 




Maximum 

262 


82 

Minimum 

68 


49 

Average 

179-5 


65 

^'‘Heated ymirt” 




Maximum 

285 


84 

Minimum 

54 


.34 

Average 

152 


57 


Examination of the growing plants had proved that all, except one, 
of the 25 samples sown possessed the morphological characteristics of 
the type, i.e. Record, thus making the comparisons strictly legitimate. 

It should be here pointed out that the dry weight of the top growth 
is here referred to as the “crop bulk” obtained. The roots were removed 
before drying, after the plants had been carefully counted. This bulk 
was obtained from 1000 seeds of each sample sown in rows and lifted 
ten weeks after sowing. 
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V. THE ANALYSIS OF THE DATA BY CORRELATION STUDIES. 

In order to ascertain the relationship between the seed character- 
istics and early growth, coefficients showing the degree or correlation 
between the fluctuating seed characters on the one hand, and the growth 
data on the other were calculated. Dot charts of the data were prepared 
and carefully examined; it is possible to obtain apparently significant 
mathematical coefficients for series of data owing to the position of one 
or two readings when the remainder of the pairs give dots on the charts 
grouped almost at random in a very small given area of the chart. The 
influence of these samples and the absence of any general correlation is 
revealed by the charts. Fisher (t) has shown “how deceptive in small 
samples is the use of the standard error of the correlation coefficient, 
on the assumption that it will be normally distributed."’ “Without this 
assumption the standard error [method] is without utility.” For this 
reason the standard error, or probable error, method of obtaining the 
probability of the coefficient has not been employed. The probability 
of each correlation coefficient has been easily obtained by means of the 
specially prepared tables for a small number of “ pairs ” given by Fisher(i) 
and IS shown in brackets after each coefficient. When the probability 
(P) is low the correlation is regarded as significant. Many of the coeffi- 
cients calculated have of course been rejected. Table II shows the 
significant correlation coefficients and those of no mathematical signi- 
ficance mentioned in the text. A duplicate series of calculations in 
which the very poorest sample (Cc. 301)9) has been omitted has been 
carried out. in this series there are 23 pairs. It is emphasised that these 
23 samples are normal commercial samples of oats procured from the 
practical growers. 

VA. The Direct (Correlation Coefficients. 

(1) The relation between seed characteristics and gernnnation. When 
the dry weight per 1000 caryopses figures were plotted against those of 
the percentage husk it was found that there was no significant arrange- 
ment: the values of the coefficients are: 

For 24 samples, — -277 (P > *1). 

For 23 samples, Rqj} — -162 (P > *1). 

That is to say, the average size of “kernel” was not related to the per- 
centage husk in these samples. The value of the coefficients of correlation 

1 The index lotU'rs refer to the data of Table II, r.g. C ix'preeents the dry weight per 
1000 caryopses, L represents the percentage of husk; see pp. 406 and 407. 
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between the percentage germination in sand after four days and the 
percentage husk was not significant nor was any significant grouping 
found in the charts made : 

For 24 samples, Rjjj^ -344 {P *1). 

For 23 samples, = *067 (P > *1). 

Similarly the early seedling establishment estimations showed no signi- 
ficant relationship with the percentage husk: 

For 24 samples, Rpj^ =- -187 (P > -1). 

For 23 samples, Rpj^ ^ -153 (P -1). 

The conclusion is therefore reached that in such commercial samj)les, 
inside one pure type — Record — ^the percentage husk bears no relationship 
to the germination of the samples. 

No significant relationship was found between the size (weight 
estimation) of grain and sand germination — the values were as follows: 

For 24 samples, R^,]) ^ — -135 (P > -1). 

For 23 samples, R^^j) = — *096 (P > -1). 

For 24 samples, — - -190 (P > •]). 

For 23 samples, " d)52 (P *1). 

The soil germination figures also showed no significant relationship 
with estimations of the size of the grain. 

The average size of the caryopsis was not found to be related to the 
moisture content of the seed sample as is shown by these ecjiiations: 

For 24 samples, R^f -- -039 (P > -1). 

For 23 samples, Rj^^ " *107 (P *1). 

The correlation between the moisture content of the seed sample 
and the germination counts on the fourth day was a negative one: 

For 24 samples, Rj^j, - -458 (P = -02). (1) 

For 23 samples, R^fp ^ — -427 (P ^ 'Ob). (1 a) 

The dot charts of the data indicated a general grouping of the results 
in a significant manner. When the total germination figures were con- 
sidered along with the moisture content the equations obtained were: 

For 24 samples, ^ — -413 (P -05). (2) 

For 23 samples, Rj^^q = - -473 (P = *02). (2 a) ' 

The dot charts plotted from these readings also tended to indicate 
significance in these results; when therefore all the four equations and 
the two charts are considered together it can be safely concluded from 
them that samples stored in a moist condition do not germinate as well 
as samples which (by reason of better harvesting conditions) contain less 
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water; and that for this effect to be observed the moisture content need 
not be very high. 

(2) The influence of the factors weight of seed*^ and ''number of 
plants'' upon growth. The dry weight per 1000 caryopses, which is a 
direct measure of the food available for the seedlings, has been found 
to be correlated with the dry weight of the plants produced : 

For 24 samples, R(jj^ = -538 (P < -01). (3) 

For 23 samples, Rqk = *514 (P < -02). (3 a) 

When the total weight per 1000 seeds was considered the value of the 
coefficient was not quite so high in the case of all the readings but was 
slightly higher when 23 readings were used, thus: 

For 24 samples, Rak^ *513 (P < -02). (4) 

For 23 samples, Rak = *535 (P = -01). (4 a) 

These results are in close agreement with the work of Brenchlcy(i) and 
others who have studied the large and small seed question in other 
crops. Previous work with oats carried out by the present writers had 
given similar results. The influence of the seed weight upon the individual 
plants was thus clearly discernible at this growth stage; towards the 
end of tillering. 

When the total “crop bulk'’ was considered the direct coefficient 
between weight of seed and total crop was found to be much lower and 


of very doubtful significance. 

These values of the coefficients between weight of seed and total crop 
were as follows: 

For 24 samples, Ra// '372 (P < •! > -05). (5) 

For 23 samples, Rah ^ *372 (P < -1 > -05). (5 a) 

In the case of the drg weight of the seed data smaller values were obtained : 

For 24 samples, Rqj^i ^ *288 (P > -1). (6) 

For 23 samples, Rcij - *135 (P > -1). (6 a) 


Such values are of no significance. The influence of the weight of seed 
upon the growth of the individual plant was not apparent when the 
total crop yield was considered. The factor “number of plants ’ con- 
tributing to the yield had also to be taken into consideration. 

A high degree of correlation existed between the number of plants 


and the mass of the total crop: 



For 24 samples, Rqh = -713 

(P < *01). 

( 7 ) 

For 23 samples, Rc^^ = *551 

(P < *01). 

(7 a) 

Ann. Biol, xiv 


27 



410 


Yield Stvdies in Oats 


When the sample giving very poor germination and establishment was 
omitted the value of the coefficient was decreased; amongst the re- 
maining 23 readings the range in establishment figures was very narrow. 
Somewhat smaller values were obtained for the coefficients of correlation 
between the earlier seedling establishment estimates and total crop: 

For 24 samples, Rpji = -680 (P < -01). (8) 

For 23 samples, = *485 (P == '02). (8 a) 

Again the influence of the one very poorly germinating sample was con- 
siderable. The very high value of obtained between the number of 
plants estimated at the first leaf stage, and when the plants were removed, 
indicates that in the interval of eight weeks, when once the plants were 
established, little differential killing or dying off took place. There was 
also no irregular delayed germination. These coefficients were : 

For 24 samples, -= ‘9^6 (P < *01). (9) 

For 23 samples, ^ *899 (P < *01). (9 a) 

It is pointed out that in this experiment the plants were protected from 
vermin, and free from disease, and that under other conditions, and in a 
less favourable season, there can be little doubt that more “casualties” 
would have occurred in an irregular way. When the total sand germina- 
tion figures were considered with those of the weight of the crop a signi- 
ficant value was only found for the 24 readings : 

For 24 samples, 11^^ *573 (P < *01). (10) 

For 23 samples, - *280 (P > *1). (10 a) 

When only those samples whose germination total was greater than 
85 per cent, were considered the value of the coefficient of correlation 
between the total germination figures and total crop bulk was practically 
zero — 

For “germination selected” 18 samples, R^// = *002 (P > •!). 
This indicates that the high value obtained in equation (8) was caused by 
the few poor germination samples, and that for practical purposes, under 
such good conditions of soil and climate, samples having a sand ger- 
mination total of 85 per cent, were as good as those having a higher 
germinating capacity. 

The correlations between the sand test germination figures, and the 
percentage of plants established as seedlings three weeks after sowing, 
are given by the following figures (some of which are not shown in Table 
II): ith day germination figure and establishment: 

For 24 samples, Rjyj,^ = *480 (P < *02). 

For 23 samples, R^^^ is of no significance. 
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The influence of the poorest (germination) sample is very pronounced in 
this case. 

The bth day germination figures and establishment correlations were: 

For 24 samples, R = *677 (P < 'Ol). 

For 23 samples, R = *313 (P > *1). 

The correlation between the total sand germination figures and the 
percentage of plants established in the field was higher: 

For 24 samples, R-^p = *805 (P < 'Ol). (11) 

For 23 samples, R^p = -519 (P < -02). (11 a) 

The high correlation coejficient was again caused by the samples of poor 
germination. When the samples of poor total germination were eliminated 
and those with a total of over 85 per cent, only considered, there was 
again found to be no correlation with the establishment in this narrow 
range of germination. It is interesting to observe that the final germina- 
tion figures are more closely correlated with establishment than are the 
earlier figures. In a previous paper (lO) evidence collected tended to show 
that rapidity of germination influenced establishment; in the com- 
mercial samples here tested no support is obtained for that view. When 
“the mean germination time” (i.e. time taken for 50 per cent, of the 
viable seeds to germinate) was plotted against the seedling establishment 
figures it was seen that only in the extreme cases of very poor germination 
was the time required correlated (negatively) with the soil establishment. 
The mathematical coefficient obtained is of very doubtful significance 
jK == — .313 (P > *1). It is here pointed out that in these “mean germina- 
tion time ” estimations the range of the time data was very narrow — the 
maximum was 4-0 days, the most rapid sample requiring 3-4 days. 
Unless the technique of sand germination tests is made more elaborate 
— which would probably reduce the number of possible tests — and 
subjected to many refinements it is not possible to obtain more accurate 
determinations of the mean germination time, as the intervals at which 
germination counts can be made are necessarily wide. 

The value of the coefficients between total sand germination and 
filial establishment was somewhat smaller than those previously con- 
sidered in equations (9) and (9 a), where seedling establishment was con- 
sidered: 

For 24 samples, Req = *724 (P < *01). (12) 

For 23 samples, Req == *357 (P < *1 > *05). (12 a) 

For 18 selected samples with a high germination (of over 85 per cent.) 

Req = 0 approx. (12 6). 


27—2 
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In equation (12 6) the correlation between the number of plants 
established and the sand germination totals of samples germinating 
above 85 per cent, is shown to be practically zero. That is, for final 
establishment as for seedling establishment, a germination total of 85 
per cent, in a sand test was as satisfactory as a higher figure under these 
growth conditions. It is apparent that over the wider ranges of ger- 
mination totals (up to 85 per cent.), the sand tests afford reliable indica- 
tions of the soil germination potentiality of the seed samples. Moreover, 
it is seen that the weight of produce obtained was, over the widest range 
of samples related closely to the number of plants established, and 
contributing to that total. When, however, comparisons were confined 
to samples of a high germination total no such correlations were found 
inside the narrower germination range of 85 to 100 per cent. 

The relationship between the total “crop bulk” obtained and the size 
of the plant remains to be considered. The values obtained for this 
coefficient were too small to be of any significance : 

For 24 samples, — — -089 {P > •!). (13) 

For 23 samples, Rhk = ‘297 (P > •!). (13 a) 

It is of interest, however, to note that the omission of the sample which 
germinated poorly has caused a considerable change from a minus to a 
plus value. It has been previously observed in equations (7 ) and (8 a) that 
the total crop bulk was closely related to the number of plants, so that 
the relationship between the number of plants and the weight of the 
plants must be examined, as possibly this would be an indication of the 
intensity of the competition between the plants. The equations are; 

For 24 samples, R^k = — ’522 (P = -01). (14) 

For 23 samples, RfK — — *186 (P > •!). (14 a) 

It is seen that for 23 readings the number of plants bears no relationship 
to the size of the plants at this stage; it must be noted here that the 
range in the number of plants was small. When the very poorest ger- 
minating sample was included there was a tendency for the weight of 
fhe plants to vary inversely as their number. It may be permissible, 
therefore, to conclude that in the extreme cases where germination was 
very low the size of the resultant plants was affected by the number. 
This would help to explain the change in sign of the coefficient in equations 
(13) and (13 o). 
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V B. Pabtial Corbelation Coefficients. 

The direct relationship between the factors “number of plants,” 
“weight of seed,” and the weight of the resulting plants has been ob- 
served. In Table III the partial coefficients are shown after one factor 
has been eliminated. 

By eliminating the “number of plants” (i.e. establishment) factor 
the coefficient of correlation between weight of seed and the weight of 
the resulting plants was increased, as is shown by these equations: 

Direct coefficient for 24 samples, = -513 (P < *02). (4) 

Direct coefficient for 23 samples, R^j^ = *635 (P = *01 ). (4 a) 

Partial coefficient for 24 samples, R^km ~ P) 

Partial coefficient for 23 samples, Rakm = *547 (P < -01). (4 ap) 

The values of the partial correlation coefficients between the dry weight 
of the caryopses and the resulting plants obtained after eliminating the 
establishment factor are as follows: 

Direct coefficient for 24 samples, R^k == *538 (P < *01). (3) 

Direct coefficient for 23 samples, Rck ^ (8 o) 

Partial coefficient for 24 samples, R(jkm = *537 (P < -01). (3 p) 

Partial coefficient for 23 samples, Rckm == *513 (P. < *02). (3 ap) 

The establishment factor was also eliminated from the correlation 
between the weights of the seed and the total “crop bulk obtained, thus : 

Direct coefficient for 24 samples, R^ji — *372 (P < •! > •05). (5) 

Direct coefficient for 23 samples, R^jj — -372 (P < •! > -05). (5 a) 

Partial coefficient for 24 samples, Rau.g *542 (P > -Ol ). (5 p) 

Partial coefficient for 23 samples, Rahjj = ’388 (P > -1). (5 ap) 

When the value of the coefficient of correlation between the dry weight 
of the caryopses and the total “crop bulk” were considered the effect 
of eliminating the establishment factor was found to be an increase in 
the value of “P.” The probability figure was too high for equation 
(15 ap) to be of significance: 

Direct coefficient for 24 samples, R^jj = *228 (P > •!). (15) 

Direct coefficient for 23 samples, R^n = *135 (P > •!). (15 a) ' 

Partial coefficient for 24 samples, Rqum = ’533 (P < *01). (15 p) 

Partial coefficient for 23 samples, Rcn,a *185 (P > •!). (15 ap) 

These values were obtained when the more accurate measurements of 
the food reserves in the seed, the dry weight of the caryopses, were 
employed. The elimination of the establishment figures from the 
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equation for 24 samples has in both cases (dry weight of caryopses and 
seed weight, in equations (5p) and (15 p) respectively,) given a significant 
coefficient with the crop bulk. In the 23 normal samples it is concluded 
from equations (5 ap) and (15 ap) that the weight of the seed was not 
closely correlated with the weight of the crop produced. 

The correlation between the weight of the plants and the number of 
plants (establishment) is of no significance for the 23 samples, but of 
apparent significance for the 24 samples due to influence of the one 
sample of exceptionally poor germination. When the weight of the 
seed (A) and the dry weight of the caryopses (C) were in turn eliminated 
the values of the partial correlation coefficient between the number of 
plants and the size of the plants were of no significance. The actual 
values obtained are as follows : 

Direct correlation for 24 samples, Rkg “ — ‘450 (P = *02). (16) 

Direct correlation for 23 samples, ~ — *085 (P > *1). (16 a) 

Partial correlation for 24 samples, Rkg.a ^ ““ ‘531 (P = -01). 

Partial correlation for 23 samples, Rko.a ^ *^58 (P >•!)• 

where the “weight of seed” factor has been eliminated. 

Partial correlation for 24 samples, Rkg.v ^ “163 (P < *05). 

Partial correlation for 23 samples, Rku,c = — *^78 (P > *1). 

where the “dry weight of caryopses” factor has been eliminated. 

The random distribution of the points on the dot chart indicated that 
there was no relation betw^een the number of plants and their weight at 
this particular grow’th stage, w'hen a narrow range of normal establish- 
ment figures was considered (see (16 a)). When the sample of very poor 
germination was included the greatly increased space per plant has caused 
the plants to be larger and a negative value of R was obtained (see (16)). 

The W'eight of the “crop” has been shown to be closely correlated 
with the number of plants (equation (7 )) ; when the effect of the weight 
of seed (.4) and the dry weight of the caryopses (C) were eliminated the 
values obtained were increased : 

Direct coefficient for 24 samples. Ran = *713 (P < •()!). (7) 

Direct coefficient for 23 samples, Rqji = -551 (P < *01). (7 a) 

Partial coefficient for 24 samples. Ran, a (P < *01). 

Partial coefficient for 23 samples, Ron. a *^^)* 

where the “weight of seed” is eliminated. 

Partial coefficient for 24 samples, Roji.v ~ ‘784 (P < *01). 

Partial coefficient for 23 samples, Rqu^c = iP < 

where the “dry weight of caryopsea” is eliminated. 



416 


Yield Studies in Oats 


VI. THE EFFECT OF HEATING THE SEED. 

The seed samples were heated in a large drying oven for 15 minutes 
at 75® C. The seed was spread out so that the grain quickly acquired 
the oven temperature. The effect of this treatment upon germination 
and field establishment and growth was observed. As the heated samples 
of grain were not sown in the rows spaced amongst the control samples 
the soil growth and yield data of the two series were not critically com- 
pared. These samples, therefore, constituted a second series and corre- 
lation studies were therefore only of value within the series. The general 
effect of this short exposure to high temperature is shown in the following 
table : 



(Control series 

Treated series 

Average 4th day sand germination 

06 % 

4.3-08% 

Average of “mean germination pt'riod*” ... 

3 02 days 

4-04 days 

Average total germination ... 

89%* 

«8-n% 

Average final field establishment ... 

28 % 

20 ry « , 

Average weight |)er 100 planti^ 

Oo’l gm. 

.17-2 gm. 

Average total yield “per spaw* unit’' fnmi lOfK) 
seedssown... 

]82gm. 

152 gm. 


* “Mean germination perioil” = time required for the germination of of the 

viable seeds of a given sample. 

The heating treatment has retarded the rate of germination and 
reduced the number of plants established and has also decreased the 
average weight per 100 plants. These results arc similar to those ob- 
tained by Groves (5), who exposed grain to high temperatures for varying 
periods. 

VII. CORRELATION STUDIES. 

A positive value, but of doubtful significance for the correlation 
coefficient between the moisture content of the seed and the reduction 
in the 4th day germination figure produced by heating was obtained. 

For all the samples R = -368 (P < *1 > *05). 

Other workers have also shown that the moisture content of the seed 
is related to the injury that occurs when samples of grains are heated. 

That some protection was afforded by the husk was shown by the* 
correlation coefficient between the reduction in the 4th day germination 
figures and the per cent, husk, the value of which was 

i? - - -370 (P < -1 > -05). 

It would appear that the heavier seeds were more liable to injury by 
this treatment, for the correlation between seed-weight and the reduction 
in the number of the seeds germinating was positive. 
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Coefficient of correlation between weight per 1000 seeds and decrease 
in the 4th day germination figure. 

For 24 samples, R = *427 (P < *06). 

Coefficient of correlation between dry weight per 1000 caryopses and 
decrease in 4th day germination figure, 

For 24 samples, R = ‘415 (P < 'OS). 

The samples that germinate quickly (a high 4th day germination 
figure) were more susceptible to the injurious effect of the heating than 
samples germinating more slowly. The coefficient of correlation between 
4th day germination figures of control samples and the decrease in the 
4th day germination produced by heating the grain was : 

For 23 samples, P == *411 (P ^ -05). 

It has been observed that the magnitude of the injurious effect of 
heating the grain was correlated with the size of the grain and also with 
the rate of germination of the sample under normal conditions. The 
weight of grain influenced the growth and weights of the control series 
of plants as shown by the earlier data in this paper. It was therefore 
thought that a positive correlation would exist between the magnitude 
of the injurious effect of heating as shown by germination figures, and 
the freights per 100 plants of the unheated (control) series. When 
calculated it was found to be of no significance, however, 

P- -322 (P> -1). 

The relationship between the germination figures and establishment 
is shown by the following coefficients for the heated grain series : 

Fourth day sand germination and seedling establishment in soil 

P- -063 (P> -1). 

Fifth day sand germination and seedling establishment in soil 

P--327 (P>-1). 

Total sand germination and seedling establishment in soil 

P - -535 (P < -01). 

If, however, only those samples of a germination of more than 85 per 
cent, were considered there w'as no correlation betw’cen total germination 
and establishment. The correlation between the early seedling establish- 
ment figures and the final establishment of larger plants was again high, 

P--889 (P<-01). 

The total “crop bulk'' was closely related to “the number of plants” 
factor; the value for the series of this coefficient is 

P - -731 (P < -01). 
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In the control series the dry weight of the plants was found to be corre- 
lated with the weight of the seed and the amount of available food 
in the caryopsis. In the heated series the coefficient was of no material 
significance, 

R=-252 (P>*1). 

It would therefore appear that the heating had directly affected the 
availability of the food supply (or that an unforeseen disturbing factor 
had influenced the dry weights of these plants). The magnitude of the 
difference between the dry weight of the control plants and the dry weight 
of the plants from heated grain, gave too small a positive correlation 
^-•296 (P>-1) 

with the moisture content of the grain to show any tendency that most 
grain suffers most from this treatment, from this growth point of view 
(for germination effect see p. 416). 

This treatment, heating the grain, influenced the “yield’’ by oper- 
ating upon the “number of plants” factor. This was shown by the high 
value of the correlation coefficient between the decrease in the number 
of plants caused by heating and the decrease in the total bulk of the 
crop produced. These differences from the control figures were closely 
correlated 

-728 {P< •()!). 

As a result of the preliminary work reported in a previous paper it 
was hoped that heating the grain and observing the effect upon ger- 
mination might serve as a practical method of testing a sample’s capa- 
bilities. Briefly, this extended trial has shown that a high moisture 
content is correlated with poor germination, and that such samples are 
probably more easily injured by the heating treatment. A “lively” 
quickly germinating sample was, however, susceptible to this injury; 
the heavy samples of high germination capacity have been also found 
to be more liable to injury. So that w^hilst further information can 
be obtained from the heating treatment it does not alone serve as a 
method of distinguishing undesirable samples. 

VIII. GENERAL DISCUSSION. 

There can be little doubt that there are two factors, contemporary 
for at least part of the growth period, influencing the size of the in- 
dividual plants ; these are the weight of the seed and the establishment 
(or germination total) factor. The influence of the seed is such that 
heavy seeds tend to produce large plants, whilst the influence of estab- 
lishment, more clearly seen in the extreme cases, is such that low 
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germination figures tend to produce heavy plants. There is no evidence 
to show that these two factors operate one upon the other, that is, that 
heavy seeds necessarily germinate well; for it has been demonstrated 
that the correlation coefficients between the weight of the seed and the 
germination figures are of no significance. An attempt has been made 
to evaluate the influence of these two factors upon the growth of the in- 
dividual plants and upon the total “crop bulk” obtained when estimated 
at this particular growth stage It is, of course, not assumed that the 
relative intensity of these two factors is constant for the entire growth 
period, or that they operate for an equal period; it is to be regretted 
that no oat data are available from which estimations of the degree of 
correlation between the size of seed and establishment on the one hand 
and growth on the other hand could be ascertained for any other growth 
stage than maturity (t.e. harvest data). The data here presented only 
show one point in the whole growth cycle. From d priori considerations it 
might be supposed that the weight of the seed factor would influence early 
growth more particularly and that the spacing factor, “establishment,” 
would tend to show its maximum effect at a later developmental stage. 

The data presented in this paper show that the weight of the plant 
is clo.sely correlated with the weight of the seed, but when the whole 
crop bulk is considered the “number of plants,” dependent upon ger- 
mination and establishment, is the more closely correlated factor. Only 
in extreme cases does the additional space provided by very poor ger- 
mination cause the weight of the plants to be increased, with normal 
germination and space this compensating power, a function of tillering is 
not revealed. Working with barley Engledow' and Wadham(2) state that 
as a general rule the first formed is the largest and heaviest tiller so that 
Tq > Tj > Tg •••» opinion of the writers, applicable also to 

oats; so that the importance of a large number of plants each contributing 
one large tiller is emphasised. This conclusion is in agreement with pre- 
vious work carried out by the writers with oats, as a result of which they 
emphasised the importance of establishment as a factor influencing 
yield in spring-sown oats in Wales. 

Recently Pettinger(9) conducted a series of experiments to study the 
relationship of seedling characters and final yield. He measured the 
coleoptiles of the germinating seeds, but considered that other factors 
besides the amount of food stored influenced coleoptile length; he, how- 
ever, fully realised that the seed weight influenced early growth in oats 

* Tiller production was almost if not entirely completed ; no small tillers had begun to 
wither, no signs of panicle production were observed. 
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and for his experiments used representative samples including large 
and small grain. No correlation of biological significance was found 
between coleoptile length and yield in the “Early Champion” material 
he employed. Other workers who have searched for an index of yield 
have compared various genetical types, but generally it may be said 
that no satisfactory index of yield has been found. Newman (S) reviews 
the Svalof work from this point of view. 

The data here discussed were obtained from Record oats which is 
believed to be genetically “pure.” Inside such a variety samples of 
seed have been tested and the vigour of their early growth estimated. 
It has been shown that heavy or plump seed produce larger seedlings 
and that the number of plants determines the bulk of crop produced at 
one particular growth stage. It is not suggested that a similar result 
would be obtained with an exceptionally heavy tillering variety as 
“grey winter” or a “late” spring variety, but in this variety — Record — 
compensation for germination irregularities is not complete by any 
means when tiller initiation is completed. The importance therefore of 
a high percentage establishment is again emphasised. 

SUMMARY. 

A series of correlation studies has been carried out between the seed 
characteristics and early growth data of a number of Record oats samples ; 
many coefficients of correlation obtained gave values of no biological 
significance. The influence of “outlying” readings had to be carefully 
considered as the number of readings was limited. For this purpose dot 
charts were employed as well as mathematical coefficients. 

The results can be summarised as follows : 

1. Generally the total germination figures in a sand test were corre- 
lated with field establishment, but within the narrow germination range 
85-100 per cent, no correlation with establishment was found. 

2. The amount of available food in the seed os measured by the 
average dry weight of the caryopses influenced the size and weight of 
the* seedlings produced. 

3. The moisture content of the grain was negatively correlated 
with the rate of germination, indicating that samples stored with a high 
water content did not germinate well. 

4. The percentage husk bore no relation to germination. 

6. Ten weeks after sowing the mass of the plants obtained from a 
given sowing depended primarily upon the number of plants established. 
Although tillering was well advanced plants possessing additional space 
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did not compensate for low establishment figtures at this stage by 
increased growth. 

6. When the grain was heated for 15 minutes at 75° C. those samples 
containing a high moisture content suffered more than well dried samples. 
Indications were also obtained that the following type of sample was 
particularly susceptible to such injury —artificial heating — 

(а) a rapidly germinating sample, 

(б) a thin-husked sample, 

(c) a sample with heavy grain. 
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SULPHUR TREATMENT OF SOIL AND THE CON- 
TROL OF WART DISEASE OF POTATOES IN POT 

EXPERIMENTS 

By E. M. CROWTHER, D.Sc., MARY D. GLYNNE, M.Sc., 

AND W. A. ROACH, B.Sc. 

{Roihamsled Experimental Station^ Harpeiiden^ Herts,) 

(With 1 Text- figure.) 

Field experiments described elsewhere (2) on potatoes grown in soil 
heavily contaminated with Synchytrium endobioticum^ the fungus causing 
Wart Disease, have shown that thorough incorporation of finely divided 
sulphur with the soil may be followed by an almost cleAn crop of potatoes 
while neighbouring untreated plots give heavily infected plants. Since 
sulphur is oxidised to sulphuric acid in the soil, the treatment necessarily 
leads to an increased acidity except in those soils which contain large 
reserves of calcium carbonate. The question whether the toxicity of 
sulphur depends entirely on the development of a high degree of acidity 
or whether some other factor takes part has practical importance as well 
as theoretical interest. If a large increase in the soil acidity is necessary, 
the treatment will be impracticable owing to the high initial cost and 
the harmful effects on succeeding crops; if however the sulphur has 
some other mode of action, there remains the possibility of increasing its 
efficiency and of minimising the ill effects on later crops. 

Evidence from field experiments has already been advanced to 
indicate that the toxic action is not a simple function of the final soil 
reaction (2), Mention was also made in this paper of a series of pot 
experiments which was planned to discriminate between two possible 
modes of action of sulphur, but which failed owing to the absence of 
infection in the crop grown. This experiment has now been carried out 
successfully and has afforded some further evidence in support of the 
hypothesis of a dual mechanism of sulphur toxicity. 
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Experimental. 

The tests were carried out on potatoes grown in pots in an acid soil 
from Stalybridge, Cheshire, with which winter sporangia of the fungus 
were mixed. Each of five scries of treatments consisted of 30 pots giving 
fivefold replicates of six different quantities of sulphur (0, *025, *05, -1, 
•15 and *2 per cent, on the air-dry soil). In series A (Text-Fig. 1) the 
sulphur was added in the form of sulphuric acid in order to eliminate as 
far as possible the effects of intermediate compounds of sulphur. All 
the remaining series received finely ground sulphur, series S having 
sulphiu: only. In series &E the sulphur was accompanied by an equiva- 
lent amount of calcium carbonate to maintain an approximately con- 
stant final reaction so as to test the effects of possible intermediate 
compounds. A constant dressing of calcium carbonate was given to 
each pot in the series in an amount sufficient to bring the soil without 
sulphur almost to the neutral point. This dressing was equivalent to 
0*15 per cent, sulphur so that treatments ASif'4 and 4 were identical 
and were represented by a single set of 5 pots. Treatments &M 0 to 
3 had an excess of calcium carbonate over sulphur, whilst treatment 
EM 5 had an excess of sulphur. Finally, in series Ell a large excess of 
calcium carbonate (5 per cent.) was used so that a considerable amount 
remained and gav(* a slightly alkaline reaction even with the heaviest 
dressing of sulphur. 

For each treatment 15 lbs, of soil, passing a 3 mm. sieve, were mixed 
thoroughly with 60 c.c, of a fine dry powder consisting of decayed warts 
and then with the approj)riate chemicals; the additions and incorpora- 
tion were carried out with the utmost care so as to ensure uniform dis- 
tribution. Each 15 lb. lot of soil was divided equally between five 
ordinary flower pots and the whole series kept in a moist state. After 
four weeks one tuber of the highly susceptible variety, Arran Chief, was 
planted in each pot and the soil kept fairly moist for a further month, 
by which time shoots had appeared above the surface. From this time 
the soils were maintained in a very wet condition in order to favour 
infection (1). The soil proved to be difficult to wet, especially in the more 
acid series, and growth was so slow that it was considered advisable to 
allow five months after planting before lifting. By this time fairly good 
growth had taken place under each treatment. The pots which had 
given uninfected plants were kept in an air-dry state throughout the 
winter and in most cases a second crop of potatoes was grown in the 
following summer. 



424 
































E. M. Crowther, M. D. Glynne and W. A. Koagu 425 

The numbers of clean and warted plants obtained after each treat- 
ment are set out diagrammatically in Fig. 1. Where for any reason as in 
most of the SH. series the growth in the second season was not sufficient 
to afford an adequate chance of infection, “no result’' is recorded in the 
diagram. Electrometric determinations of the values of the soil 
were made after the first month and again after removing the first crops. 
These showed that the oxidation of the sulphur was almost complete 
in one month in all but the heaviest dressings. The pH values obtained 
when the crops were removed are entered uialer each column in Fig. la, 
and for ease of visual comparison are plotted in Fig. 16, as a function 
of the amount of sulphur added. 


Discussion. 

The metliofl adopted jiroved successful. Treatments A. 0, S. 0, 
SK. 0, 111 Fig. I r(*prese!it 15 iudeptuideiit untrivatetl ])ots every one of 
which gave an mfected plant in th<‘ first year. With si^vcra-l of the treat- 
mmits each of the live replicate pots gavi‘ uninfinded plants in two 
s(»ason.s. The remaining treatments show' a st(*ady gradation between 
thes(» extroim*s. 

Sulphur (S.) and sulphuric acid (A.) have similar effects in reducing 
infeetion and in increasing the acidity. ()• I per cent, sulphur as sulphuric 
acid and 0*15 jier cent. sul[»hur as element and heavier dreswsings of either 
gave complete freedom from diseas«‘ in the first year, and only 2 pots 
out of 21 became infected in the seeoiul year. Tliis striking reduction 
of infection oceiirred when the acidity hatl i‘xct‘eded that represented 
by pH .‘3*4, a degnM* of acidity soiin^wdial higher than that put forw^ard 
by WeiasdO a.-s 1h(‘ maximum aenlity at which wart disease occurs viz. 
pll This degree of acidity is considerably greater than that found 
in fertile arable soils, and there w’^ould lie no opportunity of utilising 
sulphur as a [iraetical soil treatment if its efficacy depended entirely on 
the devtdopment of an acidity exceeding some sueJi limiting value. 

An imlication that sulphur reduces lufectioii under conditions which 
jireclutle fhi‘ ])r()ducti(m of .‘<uch extreme acidities and w’hich are thus 
mon‘ comparable with the field results is given by certain treatments 
in the present experiment. Thus in the SE. series the reaction in all 
cases is substantially tin' .same as in the untreated soils, but half of the 
pots gave (‘lean jdaiits m tlie first year whilst all of the 14 untreated pots 
gave infected plants. Again in the series with a constant medium dressing 
of calcium carbonate, treatments SM. 1, SM. 2, and SM. 3 gave some 
Ann. Biol, xiv 
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clean plants in the first year in soils which were less acid than the un- 
treated soil. In the absence of sulphur this amount of calcium carbonate 
did not reduce infection. In SM. 5, with 0*2 per cent, of sulphur and 
calcium carbonate equivalent to 0*15 per cent, sulphur, there was no 
infection in either season although the final reaction approximated to 
that given by 0-05 per cent, sulphur, either as clement or as sulphuric 
acid, and was less acid than that given by 0*1 per cent, sulphur as element. 
These smaller sulphur dressings however allowed appreciable infection. 

In the presence of a large excess of calcium carbonate there was little 
infection in the first year, and even in the absence of sulphur two out 
of five pots gave clean plants. In an earlier experiment on potatoes 
grown in an artificially infected peat a few clean plants were obtained 
when very heavy dressings of calcium carbonate were aj)plied. These 
results are in harmony with those of Weiss (S) in whose experiments 
infection was considerably reduced when the pH was 7*5 or more. 
Attention may also be drawn to the fact that wart disease appears to 
be more prevalent in the acid soils of semi-industrial areas than in the 
calcareous soils. 

No explanation can be afforded at present for the absence of any 
connection between the extent of infection and the amount of sul})hur 
in Series SE., SM. (excepting SM. 5) and SH. 

SOMMARY 

In a series of pot experiments on potatoes grown in an acid soil 
artificially infected with the Avart disease fungus, treatments with 
sulphuric acid and various combinations of sulphur and calcium car- 
bonate, yielding a wide range of soil reaction, gave almost complete 
freedom from infection when the acidity of the soil had been raised to 
a very high value (pH 3-4 or less). 

Heavy dressings of calcium carbonate, alone or with sulphur, giving 
a soil rfeaction of pH 7*5 or more, also reduced infection. 

The fact that partial and even, in one experiment, complete sup- 
pression of disease was obtained at lower acidities, where the effect on 
the disease was not closely related to the degree of acidity, supports the 
tentative conclusion already drawn from field experiments that sulphur 
in controlling wart dis(?ase does not depend entirely on its effect in 
raising the acidity, but has also some other mode of action. Whether 
this toxicity which sulphur exerts apart from its effect on the acidity 
can be enhanced sufficiently to be of any practical value requires further 
investigation. 
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THE EFFECT OF HYDROGEN PEROXIDE ON 
YEAST GROWTH AND FERMENTATION 

By J. B. BROWN and H. L. WIKOFF, 

(From ike Laboratory of Physiological Chemistry^ College of 
Medicine, Ohio State University, Columbus, Ohio,) 

(With 2 Text-figures.) 

Yeast, with its accompanying enzymes, produces a vigorous fermentation 
under anaerobic conditions but multiplication of the yeast cells is greatly 
inhibited under these circumstances. Successful commercial propagation 
of yeast is attended by heavy aeration, by which means as high as 40 per 
cent, of the weight of nutrient used in the mash has been converted into 
yeast cells (i). A review of the literature dealing with the effects of 
aeration and other gases on yeast growth and fermentation has been 
given previously ( 2 , 3 ). All of these former investigations were carried 
out under conditions which were essentially those most favourable for 
fermentation, rather than those which are best for rapid increase of 
yeast crop. The high yields of yeast under the favourable influence of 
heavy aeration may be due partly to the fact that yeast growth is 
aerobic in character. In this case, the optimum conditions would be 
those involving maximum interface between the gas and the mash. 
Aeration is also an efficient means of stirring whereby the yeast cells 
come into more intimate contact with their food. In studying the 
accelerative effect of aeration, it occurred to us that if the concentration 
of oxygen in the mash were the critical factor, it might be possible to 
produce the same acceleration by the gradual addition of hydrogen 
peroxide, at the same time substituting the mechanical effect of aeration 
by vigorous stirring. Hydrogen peroxide is rapidly decomposed by the 
catalase of the yeast with the formation of molecular oxygen and water, 
as is evidenced by the fact that if a suspension of yeast is added to 3 per 
cent, peroxide a rapid evolution of oxygen takes place. Our experiments 
show no favourable effect from the nascent oxygen thus introduced into 
the mash but demonstrate that the peroxide is exceedingly toxic, both 
to the yeast and to its accompanying enzymes. However, this toxicity 
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is only temporary, since yeast growth and fermentation proceed in a 
normal fashion after the peroxide has been removed by the action of 
the catalase. 

Our experiments also compare the chemical changes and growth with 
and without aeration and confirm the accelerative effect of aeration 
reported by other investigators. 

Experimental Part. 

The general procedure in this series of experiments was the same as 
that described previously by one of us and A. K. Balls (2, 3). However, 
in the experiments described here only the principal chemical reactions 
taking place in the mash, such as changes in total solids, total sugar, 
rate of inversion (reducing sugar), yeast crop and pH were followed. 
These were determined exactly as before (2, 3). The yeast crop deter- 
mination should be especially mentioned, however, since the actual dry 
weight of the yeast is recorded rather than the cell count which has been 
the usual index of yeast growth employed by others. It should also be 
noted that the total sugar is estimated as invert sugar and since it is 
present at the start chiefly as sucrose, the results reported for total 
sugar for the zero and second hours are too high by something less than 
6 per cent. 

At the beginning of each experiment, the various constituents of 
the mash were placed in a large specimen jar and thoroughly stirred by 
air introduced from a block tin pipe perforated with fine holes. A known 
quantity of yeasty in aqueous suspension, was then added and the 
contents of the flask diluted with water to the desired volume. To avoid 
errors due to evaporation, the air was first passed through two wash 
bottles to saturate it with water. All of the apparatus was kept in a 
thermostat at ‘28-*28-5° C. After stirring for two minutes, the first 
samples were removed for analysis. The analysis was repeated after 
two hours; and after about four hours (the exact time is noted in each 
experiment) the mash was divided into three portions. The first part 
(A) served merely as a control and was untreated, aeration being con- 
tinued as before. The second portion (B) consisted of a litre of mash, 
aerated in the same manner as the control, but treated with 30 per cent, 
hydrogen peroxide®. This addition was made very slowly at first, three 
cubic centimetres being added over a two hour period (fourth to sixth 

* The yeMt which was employed in these experiments was fresh baker’s yeast, 
Sacchafomycen cerevisiae^ which was kindly furnished us by the FIcischmann Co. 

• Superoxol, Merck. 
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a Microscopical examination of the yeast was made at the time of each analysis to observe the general appearance of the yeast. No important 
infections were noted. 
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hour), while aa additional 47 c.c. were added between the sixth and 
eighth hour. The third part (C) consisted of about 750 c.c. of the mash 
stirred without aeration, except for such air as unavoidably came into 
contact with the surface. Further analyses were made at the fourth, 
sixth, eighth and twenty-sixth hours. Fermentation in the control was 
practically complete at the end of the eighth hour. 



2 4 6 8 26 


Time hours 
Fig. 1. 

Only two typical experiments will be described here. Several trials 
similar to these two were carried out with like results, and it is un- 
necessary to show duplicate data. 

Experiment /. Three litres of mash were made up as follows : molasses, 
16; sucrose, 24; (NH 4 ) 2 HP 04 , 1*2; (NH 4 ) 2 S 04 , 1-6; yeast, 2*8 (all weights 
in grams per litre). At the beginning of the experiment the pH was 
adjusted to 7*0 by the addition of a few drops of sulphuric acid. Later 
on, when the pH had fallen, it was raised to 6*5 by the addition of small 
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amounts of sodium bicarbonate. The division into three mashes was 
made at the end of 3| hours. Lot one of the superoxol was used here. 
Results in Table 1 and Fig. 1. 

Experiment II. This was an exact duplicate of (1) except that lot 
two of the superoxol was employed, and also that the second addition 



of superoxol was made in one portion of 47 c.c. at the sixth hour. It 
should be noted of course that new lots of yeast were used for each of 
the experiments. Since several trials of both Experiments I and II were 
made over a period of several weeks with different lots of yeast, it is 
reasonable to suppose that the variations are to be found in the peroxide 
rather than in the yeast. Results in Table I and Fig. 2. 
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Discussion of Results, 

Our results, which can best be studied from the curves, demonstrate 
primarily the great toxicity of hydrogen peroxide for yeast^. Although 
only 3 c.c. of a 30 per cent, solution of peroxide were added during the 
first two hours, beginning at the fourth hour of the mash, yet there was 
marked inhibition of each of the important chemical changes occurring 
in the mash. The yeast growth was almost entirely stopped, the fer- 
mentation as measured by total solids and total sugars was greatly 
retarded, and even the inversion of sucrose by invertase stopped pro- 
portionately. During the second addition of 47 c.c. of peroxide over a 
period of two hours, there was practically entire cessation of all of these 
changes. However, the final total changes in Experiments I and II were 
quite different. In the case of Experiment I no recovery had appeared 
at the end of 26 hours, while in Experiment II almost complete recovery 
had taken place. We arc at a loss to explain this difference. It is prob- 
able, however, that the explanation lies in the fact that the catalase of 
the yeast in Experiment I did not remove the peroxide as rapidly as in 
the second case. Such a condition would exist if the yeast were especially 
low in catalase, or if the peroxide (‘ontained an impurity inhibitory to 
catalase action. Chemical analysis of the peroxide showed for the first 
lot 0-23 gm. of solids per litre, and for the second 1*2 gms. per litre. 
This residue was largely made up of phosphates. Since several runs were 
made with each lot of peroxide, and since the yeast used in each run was 
from a different batch, it is not reasonsible to assume a difference in the 
yeast or in the catalase content of the yeast. It is unfortunate that all 
of the first lot of the peroxide had been used before the difference was 
noted, since otherwise further chemical analysis of the ash might have 
answered this question. 

Our experiments, showing the eff(*ct of lac.k of aeration on the rate 
of yeast growth and fermentation in a molasses mash, have been carried 
out in commercial laboratories, but so far a? wc know, have not been 
reported in the literature, except as noted in the introduction to this 
paper. The results. Mashes C, Table I, show a decided slowing of yeast 
multiplication and a much lower total final crop of yeast with practically 
no increase after the eighth hour. The rates of fermentation and in- 
version were affected only slightly, since they were complete in eight 
hours. It is worthy of note that with no aeration there was always a 

» H. V. Euler and R. Nil#«son {Chem, Zelle n. Qewebe, xii, 238 (1926) have very 
recently shown that liydrogeii peroxide inhibits fermentation of glucose. 
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greater total loss of solids than under the other conditions we tried. We 
believe that this indicates that with no aeration the sugar is fermented 
more nearly to the theoretical fermentation equation than with aeration. 
Under aerobic conditions a small portion of the sugar is oxidised into 
non-volatile organic acids which partially accounts for the decided 
lowering of pH as the mash proceeds. In a number of the mashes, the 
data for which are not given here, we allowed the pH to change without 
added bicarbonate.. In every case the pH fell from 7*0 to as low as 2*0 
by the eighth hour, thus confirming the findings of H. Luers(4). 

It was suggested to us that this very considerable souring of the mash 
might not be a normal process and that it might come about through 
contamination of the yeast with lactobacilli. We believe that a con- 
tamination sufficient to have produced enough lactic acid to cause such 
a lowering of pH would have been observed under the microscope. 
However, to prove the point, we performed a similar experiment, and 
used a pure culture of yeast, prepared for us by Prof. C. B. Morrey, of 
the Department of Bacteriology. The air was washed with bichloride 
of mercury and concentrated sulphuric acid before passing through the 
mash. The resultant pH was 2*5 in nine hours. The probable explanation 
of the high acidity lies in the fact that the yeast is utilising practically 
all of the ammonia from the ammonium sulphate and phosphate in the 
mash, resulting in the liberation of a small amount of free sulphuric 
and phosphoric acids. About 80 per cent, of the ammonia originally 
introduced is converted into yeast protein. We believe from these results 
that this great fall in pH is a normal process for the type of mash used. 

The temporary toxicity of hydrogen peroxide for yeast and its enzymes 
is analogous, we believe, to the action of hydrocyanic acid. This acid 
also inhibits yeast growth and enzjme action as long as it is present, 
but as soon as the acid is removed by artificial means, growth and 
enzyme action are resumed. In the case of the peroxide, however, the 
removal of the toxic substance is brought about naturally by the catalase 
present. 

SUMBIAEY. 

1. Hydrogen peroxide, when added in the form of superoxol to an 
aerated yeast molasses mash, is very toxic to the yeast, greatly inhibiting 
or entirely stopping yeast growth, fermentation and inversion. 

2. The yeast yield without aeration in a mash of this kind is greatly 
diminished, while the other changes are only slightly inhibited, the total 
loss of solids being appreciably greater than with aeration. 
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3. If the pH change in such an aerated mash is allowed to progress 
normally, a marked fall from 7*0 to 2*0 is observed, apparently due to 
the formation of organic acids, and to removal of ammonia from the 
ammonium salts. 
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THE EFFECT OF HEXYL RESORCINOL ON YEAST 
GROWTH AND FERMENTATION 

By J. B. brown and H. L. WIKOFF. 

(From the Laboratory of Physiological Chemistry^ College of 
Medicine, Ohio State University, Columbus, Ohio,) 

In connection with some studies on yeast metabolism we were interested 
in determining the toxicity of the new antiseptic, hexyl resorcinol, to 
ordinary baker’s yeast, Saccharomyces cerevisiae. This new synthetic is 
noted both for its bactericidal action, having a phenol coefficient of 45-55, 
and for its proportionately low toxicity to animal organisms (2,3). For 
example, a rabbit can tolerate an oral dose of 1 gm. per kg. without 
harmful effect. There is no indication that it is more toxic to man. In 
practice it is possible by feeding an adult a gram of the substance in 
olive oil three times a day to produce actual bactericjidal urine in the 
majority of cases. Our experiments demonstrate that hexyl resorcinol 
is as toxic to yeast as to bacteria, and further that concentrations of 
the antiseptic which entirely inhibit yeast growth also completely 
inhibit alcoholic fermentation. 

Experimental Part. 

Since we desired to follow both yeast growth and the chemical changes 
occurring in the mash, our experiments were arranged so as to facilitate 
making these determinations. The mash, four litres in volume, contained 


as follows: 


Sucrose 

96 gm. 

MoJosses 

W 

Diammonium phosphaU^ 

6 „ 

Ammonium sulpha to ... 

6-4 „ 

Yeast 

H .. 


The molasses was dissolved in 600 c.c. of water and centrifugalised 
to remove sediment. The sucrose was added to this solution and heated 
just to boiling. The ammonium salts were dissolved and boiled separately. 
At the beginning of the experiment these two practically sterile solutions 
were placed in a five litre specimen jar, the yeast in suspension in 60 c.c. 
of tenth normal sulphuric acid added, and the mixture diluted with 
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boiled tap water to exactly 4 litres. The fermentation was carried out 
under conditions favourable for rapid yeast multiplication, i.e. under 
heavy aeration, the air being introduced through a perforated block tin 
pipe in the bottom of the jar. The air had been previously passed through 
two wash bottles to saturate it with moisture at the temperature of the 
experiment, thus avoiding evaporation and change in composition of 
the mash from its source. The entire apparatus was kept in a thermostat 
at 28-“28'6° C. When the mash had been thoroughly mixed by aeration 
for two minutes, two portions of 1 litre each were removed by siphon 
into two other aerating vessels. To these were added drop wise the 
required amounts of hexyl rcsorcinoP in 10 per cent, alcoholic solution. 
The rate of aeration was made as nearly equal as possible in the three 
vessels. 

From time to time the three mashes were examined microscopically 
and analysed for total solids, total sugar, reducing sugar, and yeast crop. 
The methods used in these determinations are described in a previous 
paper (1). It is sufficient to state here that the first three components 
were determined in the centrifugalised beer, and that the yeast crops 
were estimated by iiltering the mash through Gooch crucibles followed 
by two w^ashings each with w'ater and alcohol and drying for several 
hours at 107° C. The yeast crops therefore represent the weight of dry 
yeast substance. No cell counts were made. 

In addition to the precautions for sterility described above, all of 
the containers were sterilised and the mashes kept covered during the 
experiment. The only sources of contamination would therefore come 
from the washed air or from the yeast itself. We employed ordinary 
bakers’ yeast, supplied us by the Fleishnumn Co. in pound lots. No 
contamination gross enough to appear under the microscope was found 
in any of our experiments. The results in our controls are practically 
identical with those we obtained in other experiments in which we used 
a pure culture of yeast and sterile air for aeration. On the other hand, 
the presence of slight infections which might result from the yeast used 
or from the air would in no way affect our conclusions arrived at in 
these experiments. 

The analytical data and the results of these experiments are show'n 
in Table I, the first series of data comparing the changes in a control 
and in mashes with 0*1 and 0*3 gm. of hexyl resorcinol per Utre, and the 
second showing the eflfect of O-OI and 0-005 gm. of the antiseptic per 
litre. 

^ Purchased from Sharp and Duhme, Baltimore, Md. 
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Table I. 


(AU data in gms. per litre.) 




Experiment 1 

A 



Experiment 2 

A 


Hour of 

Conti*ol 

0-3 H.R. 

0-1 H.R. 

Control 

0*01 H.R. 

0-005 h'r. 

Analysis 

0 

28*7.1 

28-76 

Total solids 

28-75 

27-76 

27-76 

27-76 

3 

2702 

28-65 

29-10 

25-16 

26-18 

25-84 


1418 

28-35 

28-75 

14-88 

16-33 

15-78 

8 

8-53 

28-60 

28-49 

7-79 

9-25 

9-38 

28 

6-65 

— 

28-53 

— 

— 

— 

0 

27-50 

27-50 

Total su^ar 

27-50 

27-30 

27-30 

27-30 

3 

25-91 

27-40 

27-66 

24-72 

25-30 

24-95 

6 

10-96 

27-50 

27-40 

13-24 

14-14 

13-56 

8 

2-09 

27-66 

27-59 

2-12 

3-09 

3-22 

26 

00-00 

27-40 

27-50 

— 

— 

— 

0 

2-32 

2-32 

Reducing sugar 

2-32 

2-93 

2-93 

2-93 

3 

6-00 

6-72 

5-29 

17-63 

19-72 

19-84 

6 

2-50 

10-97 

8-59 

— 

11-71 

11-64 

8 

1-79 

12-82 

10-17 

1-57 

2-35 

2-73 

26 

0-00 

21-50 

20*80 

— 

— 

— 

0 

0-91 

0-91 

Yeast crop 
0*91 

0-86 

0-86 

0-86 

3 

1-86 

0-74 

0-90 

1-91 

1-67 

1-75 

6 

4-56 

0-58 

0-96 

4-61 

3-90 

4-15 

8 

5-62 

0-77 

0-90 

6-37 

5-28 

5-80 

26 

7-19 

0-62 

0-84 

— 

— 




Discussion of Results. 

Concentrations of U'3 and 0*1 gm. of hexyl resorcinol per litre com- 
pletely inhibited yeast growth and fermentation as measured by loss of 
total solids and sugar. The higher concentration actually caused a 
slight loss in yeast weight while microscopically the cells appeared 
shrunken with no bud formation. It is noteworthy, however, that with 
each of these concentrations sugar inversion proceeded rapidly with 
little or no apparent inhibition of invertase action. Concentrations of 
0*01 and 0*005 gm. of hexyl resorcinol per litre inhibit only slightly all 
of the changes, the degree of inhibition being roughly proportional to 
the amount of antiseptic present. Qualitative tests with fermentation 
tubes indicated that the sharp break in inhibition of fermentation 
occurred at a concentration of 0*025 gm. per litre. 
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From these results one may conclude that the antiseptic action of 
hexyl resorcinol to yeast is of the same order as that to bacteria, prac- 
tically complete in 1«“1(),000. The fact that this antiseptic completely 
inhibits zymase action (intracellular enzyme) and is without effect on 
invertase (extracellular action) is of theoretical interest. 

Summary. 

1. Concentrations of 0*3 and 0*1 gm. of hexyl resorcinol per litre 
completely inhibit yeast growth and fermentation. Concentrations of 
0*01 and 0‘005 gm. only slightly inhibit. 

2. Invertase action is not affected in the presence of 0*3 gm. of 
hexyl resorcinol per litre of mash. 

lUBLlOGRAPHY. 
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EARLY MANIFESTATIONS OF POTATO BLIGHT 
{PHYTOPHTHORA INFE8TANS DE BARY) 

By N. L. ALCOCK, F.L.S. and A. E. S. McINTOSH, B.Sc. 

{Royal Botanic Garden^ Edinburgh,) 

(With Plate XXVI.) 

The question of the origin of Potato Blight eacih year is of interest and 
the following observations seem of value as a corollary to the recent 
paper of Salmon (i). 

On February 17th, 1927, a visit was paid to an (experiment on rapid 
indoor infection of potatoes by Wart Disease for testing j)urpos(?.s at 
East Craigs carried out by Mr Anderson who said he was troubled by the 
wilting of potato shoots. Tlic tubers were in a large, airy, well lighted 
laboratory at room temperatme under conditions that, in the winter 
time especially seemed to indicate freedom from outdoor infe<'tion. The 
potatoes had been well washed, placc'd oii s[)hagnum moss in saucers 
and watered at intervals; the whole experimejit being carried on in- 
doors. Among the tubers being tested for Wart Disease, several shoots 
were gathered, about eight in all, that apj^eared to be suffering from 
Phytophthora injestans, but wen* not producing spores. In all these shoots 
a large non-septate mycelium was found. One shoot was about 2 inches 
long, about J inch thick and very sturdy and was infect(*d from the 
base upwards for about 1| inches with a strong-growing non-septate 
mycelium. (A similar shoot is shown in Fig. 1.) One side of the shoot 
was flattened and browned in a typical P, infestaas manner. From this 
area of the shoot, sections were taken and the mycelium was observed 
to start intercellularly. It formed the large lobular hypliae typical of 
P, infestans in the space where three host cells meet. In the more 
infected areas, the mycelium was intracellular. Small fragments of this 
tissue were placed in bog w’^ater (February 17th) and produced typical 
Phytophthora conidiophorcs (February 28th). Other shoots were affected 
towards the apex only, as if they were suffering from a secondary infec- 
tion. Two or three diseased shoots were put in water in a damp chamber 
and in 24 hours the first had produced profuse Phytophthora infestans 
conidiophores (18th February). The others followed later with coni- 
diophores. 
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On 26th February, a second visit was paid to Mr Anderson^s labora-* 
tory. In three cases diseased shoots were producing the characteristic 
fructifications of Phytophthora infestans. Many infections were present 
also that were probably secondary. An especially common place of 
attack was the small buds in the leaf axils and also the leaves of the 
young shoots. A noticeable feature was the number of sprouts becoming 
infected on the under side of the potato, the side next to the sphagnum. 
These shoots did not progress far but soon rotted away. 

It is unlikely in a laboratory during the winter that infection could 
come in from without. A possible source of infection is from conidio- 
phores arising on the cut surface of tubers dealt with during the experi- 
ments in the‘ laboratory. Although cases of slight infection with Blight 
have been seen, no conidia on the cut surface, nor extensive infection 
have been noticed ; and all the tubers have been under close observation, 
both by Mr Anderson and by Miss Simpson. 

The evidence points to initially infected shoots, proceeding from 
infected tubers, producing conidia and these conidia bringing about 
secondary infection on the other shoots that showed indication of being 
attacked at the apex first. 

Observations would appear to support the theory of initial infection 
of potato shoots from the diseased tuber by the organism of late Blight 
Phytophthora infe^tans De Bary. 

Summary. 

Observations during February, 1927, are recorded on nominally 
healthy potato tubers sprouted indoors in the laboratory of the Seed 
Testing Station, East Craigs, producing short diseased shoots showing 
probable primary infection of Phytophthora infestam. At the end of the 
month probable cases of secondary infection occurred. 

LITERATURE. 

(1) Salmon, E. S. and Ware, W. M. (J02(5). Ann. App, BioL xin. No. 2, p. 289. 

• EXPLANATION OF PLATE XXVI. 

Fig. 1. Sprouted potato tuber showing one shoot infected with Phylopkihora infa^ans^ 
infected from the base upwards. Probable primary infection from small original 
infection in tuber. 

Fig. 2. Sprouted potato tuber shcxwing infection of Phytophthora infestans in shoots; 
apex of shoot infected, probable seoondaiy infection from infeoted shoots such 
as shown in Fig. 1. (At a late period shoots such as shown in Fig. 2 wore fairly 
common.) 


Ann. Biol, xxv 


{Received 1st Afay, 1927.) 
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THE INSECT AND OTHER INVERTEBRATE FAUNA 
OF ARABLE LAND AT ROTHAMSTED. PART II 

By H. M. morris, M.So.i. 

{Assistant Entomologist, Rothamsted Experimental Station, 
Ilarpenden,) 

(With 3 Text-figures.) 
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1. Intboduction. 

The investigation which is described in the following paper was carried 
out between October 1923 and October 1924 and between April and 
November 1926. Its object was to ascertain the effects of dung and of 
various artificial manures with and without the addition of dung, on 
the soil fauna of arable land. A further object was to discover whether 
there was any noteworthy difference in the species present and their 
relative numbers and distribution in depth under these conditions as 
compared with their occurrence in the neighbouring field examined 
previously (S). The later part of this investigation, that carried out 
between April and November 1926, was done with a view to supple- 
menting the information obtained earlier, and the results of the two 
periods are considered together. There had been no change in the 
manurial treatment of the plots in the interval, the only change being 
that in 1926 the mangolds were grown on the ridge, whereas previously 
they had been grown on the flat. 

^ Now Government Entomologist, Cyprus. 
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I am greatly indebted to Dr Imms for many helpful suggeBtions 
during the course of this investigation. I am also indebted to Miss K. 
Warington for information regarding the weeds; to Mr H. J. Page for the 
chemical analyses; to Dr B. A. Keen for the mechanical analyses; and 
for assistance in the identification of species of Insecta and “Myriapoda” 
to Messrs S. G. Bradc-Birks, J. M. Brown, H. W. Ellis and G. T. Lyle. 

2. Description op Area Examined. 

The field in which the plots examined in the course of this investiga- 
tion are situated is the Bam Field belonging to the Bothamsted Experi- 
mental Station, Harpenden. The soil, as in the case of the field pre- 
viously examined here, is clay with flints overlying chalk. The Barn 
Field is roughly rectangular in shape with the long sides running S. by 
W. to N. by E., and, at its lowest part, the elevation is just above the 
400 feet contour line. 

The field is divided longitudinally into eight strips running the whole 
length of the field, each strip receiving one manure throughout its length. 
The strips are then subdivided into plots by cross-dressings of other 
manures, there being altogether 40 experimental plots. 

Mangolds have been grown on this field since 1876 and in plots used 
ill this investigation, the raaniirial treatment they receive and their 
yield of mangolds during 1924 are: 

No. 0 8, Unmanured (control): 2*14 tons. 

No. A 8, Ammonium salts only: 10*18 tons. 

No. 0 5, Superphosphate only: 3*31 tons. 

No. O 1, Dung only: 14*49 tons. 

No. O 2, Dung, superphosphate and sulphate of potash: 18*61 tons. 

No. A 1, Dung and ammonium salts: 20*75 tons. 

The quantities of the different manures applied per acre are: dung 
14 tons; ammonium salts 400 lb., consisting of equal parts of sulphate 
and muriate of ammonia of commerce; superphosphate 3*5 cwt.; and 
8ulj)hate of potash 5(K) lb., this having been applied to Plot 0 2 only 
since 1895. The “0” series of plots lies along the northern end of the 
field, and the “A” series lies across the field near the middle of its 
length. Each plot is rather over one-seventh of an acre in area. The 
effect of the different manurial treatments on the crop is very noticeable 
in their yield of roots and leaves, as well as in the general appearance of 
the mangolds and weeds. 

The field was ploughed during the second week in February 1924. 

29—2 
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Imect and other Inverteh^rate Fauna 


Meteorological Conditions. 

No records of meteorological conditions are given in the present 
paper. Barn Field adjoins the meteorological station of the Rothamsted 
Experimental Station and the records obtained here and elsewhere on 
the station are available. As these conditions would be more or less 
uniform for the different plots examined, they are not considered as part 
of the causes affecting the distribution of the fauna over the various 
plots. 

3. Method of Investigation. 

The samples of soil which were examined during this investigation 
were taken along one of the long edges of the plots, except on one or 
two occasions when the ground was snow-covered, samples being then 
taken well into the plots to avoid risk of missing the plot altogether. 
Successive samples from a plot were spaced well apart. 

The samples were taken with the same apparatus of iron plates and 
trowel as was described previously ((>); in addition a square iron frame 
was used which helps considerably to hold the plates in position whilst 
they are being driven into the ground. One side of this frame is remov- 
able, fitting into place over studs on the larger portion, this side being 
taken out to facilitate removal of the soil between the plates, this side 
of the frame and the smallest plate coming on the same side of the 
sample. The size of the frame is such that the plates will just fit inside 
it with a minimum of clearance, and slots are arranged in it to take the 
excess width of the largest plates, and hold them in position. With this 
frame in use it is considerably easier to drive the plates into the soil in 
their correct relative positions and the volume of soil enclosed by them 
is more likely to be correct, the plates being less liable to be displaced 
by striking against stones. 

As before the samples of soil were each a nine inch cube, each sample 
being removed in five layers consisting of: I, the soil between the sur- 
face and a depth of one inch below the lowest point of the surface; 
II, the soil between a depth of one inch below the lowest point of the 
surface and a depth of three inches; III, the soil between three inches 
and five inches; IV, the soil between five inches and seven inches; V, 
the soil between seven inches and nine inches. 

Each layer was placed in a linen bag and removed to the laboratory, 
where the soil was placed in the washing apparatus described previously 
{BuU. Ent. Res. xiii, 1922). If stirred constantly a bagful of soil could 
be completely washed in an hour or less, but usually it was more con- 
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venient to leave it longer, only stirring occasionally. After the washing 
was completed the residues on the two finer sieves of the apparatus were 
examined, a small portion at a time, in water in a white basin. The residue 
in the coarse sieve was also examined but did not require such detailed 
examination as that in the finer sieves, owing to the large size of any 
insects, etc., retained by it. Many forms floated on the surface of the 
water in the basin and the remainder could be readily seen through the 
clear water. Altogether 36 soil samples were taken. Seven samples of 
soil were examined from each of the plots without dung (0 8, A 8, 0 5) 
and five samples from each of the plots with dung (0 1, 0 2, A 1). The 
samples from the undunged plots were taken from October 1923 to 
March 1924, and those from the dunged plots from March to October 
1924. 

4. Soil Analyses. 

The following table gives the mechanical analyses of the soil of the 
plots: 


riot nil m bora 
and depth 
of aam]»lo.s 

Water 
in air 
dry soil 

Loss 

in sol 11 - Coarse 
lion sand 

Fine 

sand 

Kilt 

Fine 
Hilt I 

Fine 
silt n 

Clay 

Loss 
on ig- 
nition 


‘o 

/() 

O/ 

/O 

/o 

/o 

O' 

<0 

0/ 

/o 

?/o 

o/ ‘ 

/O 

O' 

/o 

0 8 surface to 5" 

VO 

0-9 

S-9 

18-4 

27-4 

50 

2-6 

230 

7-2 

n" to 9'^ 


01) 

0-2 

13-9 

20 4 

7-0 

1 2 

304 

83 

A 8 8iirfa(H» to r/' 

1-9 

0-7 

(i‘7 

21-9 

34-8 

100 

40 

208 

5-9 

r/' to i)" 


0-7 

4-2 

10-2 

244i 

0-8 

2-8 

330 

74 

0 5 surface to 

20 

11 

82 

20 7 

200 

11-2 

0-8 

200 

0*7 

r/' to 9" 

25 

M 

8-9 

18 5 

23-4 

70 

3-2 

27 2 

60 

O 1 surface to 

2-0 

10 

7*1 

15 8 

27*8 

7-0 

20 

230 

9-8 

5" to 9" 

.*1-2 

0-t» 

5 7 

14-4 

234 

7-2 

20 

32 8 

91 

0 2 surface to 

2:i 

10 

7-4 

181 

8-0 

27*8 

1-0 

220 

9-7 

5" to 9^' 

:h:i 

0-5 

4-3 

i:m 

190 

114 

0-0 

354 

8*0 

A 1 surface to 

2-0 

10 

82 

19-4 

29-0 

90 

2’2 

186 

9*1 

5" t-o 9" 

20 

0-9 

7-2 

19-3 

:io 2 

9 2 

30 

174 

7*9 


Chemical analyses have also been obtained of the soil of the plots, 
but as they do not indicate any very important differences between the 
various plots which can be correlated with differences in the soil fauna, 
it is not considered necessary to publish them. These figures are however 
being kept so that they can be referred to at any time if necessary. 

5. Occurrence of Weeds. 

Weeds are usually fairly abundant on Barn Field, although only a 
few species are important. Owing to the nature of the crop, cleaning 
operations can be carried out quite conveniently during most of the 
year, so that there is never a mass of weeds such as is found on Broadbalk. 



446 


tnsect and other Invertebrate Fauna 


Cirsium arvense is the only important perennial; of the plots under con- 
sideration it is most plentiful on those not receiving dung. Capsella 
bursa-pastoris and Veronica hederaefolia are abundant, and Stellaria 
media is also important. 

6. Soil Fauna op Experimental Plots Subjected to Varied 
Kinds of Manuring. 

In the following lists the worms have been divided into two groups, 
those belonging to the sub-order Terricolae of the order Oligoohaeta, 
which includes the true earthworms, LmuhricMs, etc., forming one group 
as Oligochaeta (Terricolae), and all other worms, probably principally 
belonging to the family Enchytraeidae of the Oligochaeta, and to the 
Nematoda, forming the second group as Oligochaeta (Limicolae), etc. 

The numbers following the names have the following meaning: the 
first numbers give the months during which the species was met with; 
the first numbers within the brackets give, above, the total number 
found, and below, in Roman numerals, the levels in which they were 
found. The second numbers within the brackets give, above, the greatest 
number found at any one level, and below, in Roman numerals, the level 
at which they were found. 

Thus — Onychiurm fimetarius (L.) 3, 4, 5, 6, 10 indicates 

that this species was found in the months March to June and October; 
26 were found altogether, occurring in each of the five layers, from the 
surface to a depth of nine inches, and 11 of these were found in the 
second layer, between a depth of one inch and three inches. 

The species of Insects and other Invertebrates present in the plots 
were as follows: 


GoUexnbola. 


Plot No. 0 8. Unnmnured (Control). 

Samples taken in months 10, 11, 12, 1, 2, 4, 6, 10. 

" INSEGTA. 

1 9 \ 

nil* 1 1 j ’ 

purparescens lAxhh. 11, y* ^^5 Isoloma firm(wcc7w Sohaff. 10 /. mtwor SchafF. 

10 ; Orchesdla viUosa (Ck»off.) 6 Lepidocyrtus cyaneus Tullb. 6 • 

Psoooptera. Sp. lO^j-j^. 

Thysanoptara. Sp. 4, 10 • 
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Hemiptara. Anthocoria nemoralis F. 10 . 

Goleoptera. Heloplutrua nubilns F. 11 ; Aihtia (Meoiica) exilia Er. 1 ; Homa- 

lota sp. 4 Akochara sp. 4 Oxytelua ieiracarinatua Block. 6 Scopaeua 

aulcicoUia Sieph. 12 Atomaria linearis Steph. 12, 2, ifi)* 

antherinua L. 2 (^cutluyrrhynchva qnatlridena Panz. 4 * Larvae: Sp. 10 

Carbidab 10, 1 III)* Nkbrta sp. 1, Staphyltnidae 10^1); Elatkeidae, 

Agriotea sp. 10 f . 

\* 1 ^/ / 2 \ / 1 \ 

Diptara. Cbcidomyidae. Larvae in graas stem sp. 1 f j j , larvae sp. 4 f j . Scato- 

PsrnAE. Sp. (larvae) fi ^j|j ) • Empidak. Sp. 6 ^jy) • Phoridae. Phora sp. 6 ®P* 

10 ^jj) . Borboridae. Litnoaina sp. 0 . Anthomyidak. Leptohylemyia coarctata 

Fall, (^gs) 10, 12, 1 (/it* t)- 

\ 1 » 11 1 / / 1 \ / 1 \ 
H 3 rxnenoptera. Formicidae. Sp. OKj. Braconidae. BkirM# sp. 10 1 jj j , 

DIPLOPODA. Non dot. 10, 11, 12 Polybesmtdae. Sp. 4, 10 

/ 5 2 \ 

Vl III’ n 111)' (Probably mainly Blaniuhts guttuhtua (Bose.), 10, 2, 

‘■“(j-Vin)- 

STMPHTUl. Sp. 10 (y) . 

ARAGHNIDA. Araneida. Sp. 11. 12, (i f ^ V 

/ 4 \ \ 1 / 

Acarina. Sp. 10, 11, 12, 0 (j~y j. 

OLIGOGHAETA (Tarricolaa). 10. 4 (j jy y) • 

OLIGOGHAETA (Limicolae). 4, «i, 10 . 

ISOPODA. n(„jf,-y). 


ISOPODA. 


Plot No, A 8. (Ammonium Saks,) 
Samples taken in months 11, 12, 1, 2, 3, 4, 6, 10. 


mSECTA. 


GoUembola. Anuridn granaria (Nic.) Tiillb. 12, l^ji*iii)» Onychiurua armatua 
(Tullb.)ll, 12, 1,2,4. j^); a./finetor»«*(L.)2^jy); O. am6ttfa»M(L.) 12 

Aehorviet purpuresetn^ Liibb. 11,1 laoloinuruit palualri* (Mulls.) 11 EnUmuibrya 
nimlU (L.) 1 



448 


Imedt and other Imertebrate Fauna 


4 

1 

10 


Orthoptora. Kctobiiut lapponicua L. 11 f-V* Forficula auriciUaria L. 11, 
Thsraanoptera. Sp. 11. 

Hemiptera. Sp. (larva) 5 • Aphididak Sp. 10 . 

Goleoptera. Xaniholinua punriuhtm Payk. Orylelna tetracarinatus Block 

(rii}’ Grav. 0. niiiMns Orav. Stenvft ftvfjarnuft Er. 

Trichopieryx Bp. ^ Kuplecin^ picennVioXB. 5 Atonmria linearis Steph. 

. T^arvae: Cababidak 11 ^2~Xl)’ (l ^Jl) ’ 

Diptera. Ckoidomyidae. Sp. (larva) 4 , (pupa) 4 . MyoBTornYUDAE. 

Sp. CiriRONOMTDAE. Sp. (larvac) 4, 5^ , "V Tipitlidar. Trichocera sp. 

Vm/ / 7 \ \J. 11 1/ / 0 5 \ 

(larvae) 2, 4, 5 IV/ * J)iU)j)hns (larvae) 21 1 -^, jj ). Antho- 

MYTDAE. Sp. (pupa) lo/IV Leptoliylemyia eoarctata Fall, (ej^gs) 11, 12, 1, 10 
/ 27 m \V 

Vwii’ iy* /n 

Hymenoptera. BRACoinnAR. Sp. 5{ jj. 

. Non dot. 11, 12f,,.^,,,V Ophiodcsmus albonatus (Latzel) 3 f V 

/n , \V/ 

ARACHNIDA. Araneida. Sp. if.I.V 

Acartaa. 11. 12. if *«-• J«.V 

Acarma. jij . jH j • 

OUGOCHAETA (Tarricolae). 5. 10 (]4j) ' 

OLIGOCHAETA (Umicolae). 11. 4. S, 10 

Plot No. 0 6. Superphosphate only. 

Sampler taken in months 11, 12, 1, 2, 3, 4, 6, 11, 

mSECTA. 

Gollexnbola. Anurida granaria (Nic.) Tullb. 11, 1 Onychiurus armatas 

(Tullb.) 11, 12, 1, 2, 5, 6, 11 (L.) 11 Acliorutes purpu- 

reAce^ Lubb. 11, 12 muscorum (Tullb.) 1 A\ mar- 

yinata Tullb. 6 ^ J laotomurvs palustris (Mull.) 12 , 

Thyaanoptera. Sp. ^ * 

Hemiptera. Aphididar. Sp. 0 f . 

Vi/ /i\ 

Lepidoptera. Noctttidar. Sp. (Larva) 11 fjj. 


DIPLOPODA 

Blaniuudar. 
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Goleoptwa. Helophorus Mvlsanti Rye 6 * Homalota Bp. 5 , 6 ^ j^y » Oxytelus 

nitidulus Gray. 1 1 ^ » Atomaria linearia Steph. 1 1 ^ ; HdUica sp. 1 1 . Larvae : 

Carabidas 11, 1 Staphyunidab 11 flp. 11 

Diptera. Ckcidomyidae. (Larva) 1 ^ . Tipulidae. Sp. (larva) 11 Trichocera 

sp. (larva) H Scatopsidae. Sp. (larva) 11 f ,itV Anthomyidae. Leptohylemyia 

/ 3 2\ \*^*/ /1\ 

coaretata Fall, (eg^a) 1, llK MnscrDAR. Sp. (parasitised puparium) 11 ( j j* 

Hsrmenoptera. FoRiaciDAE. F. 11 . Bracontdae. Alyaia 

rufldens Nees. 11 (reared from Muscid puparium). 

GHILOPODA. Qeophilua ltmgic4yrnU I^each 5 • 

DIPLOPODA. Non det. 11 ^y^* OphiodestMis albonatUM (Latzel). 11 ^Jy^* '^P* 

D- ®P ®(iTwi)- 

ARAGHmOA. AraiMlda. 8p. 11 f lV 

„ / 1 \ 


Acarina 


/ 1 \ 

OLIGOCHAETA (Llmlcolae). 11, 1, 2, 6, 6, 11 . 


Plot No. 0 1. Dung ordy. 

Samples taken during months 3, 4, 5, 6, 10. 


INSECTA. 


GoUembola. Non dot. 6("V Anurida granaria (Nic.) Tullb. 4, 5, 6, 10 
I 'y, jjjJ; Onychinrua fimetarifis (L.) 3, 4, 6, 6, ^^(jly» t^ntbulana (L.) 6 

^jy^'-y^; ArhorviM pvrpurescens Lubb. 3, 4, 5, fj])’ Folsomia fimetaria 

(L.) ImtomaBp. 4, Jaotomurus paluatria (Mull.) 6, 10 

Heteromurua niiidua (Tempi.) 10 . 

Orthoptera. Forfimla auricularia L. (nymph) 10 * 

Thysanoptara. Sp. *5 f ^ V 

' 11 / / 9 4 \ 

Golaoptara. Carabidar. Isarvae 3, 4, 5 ( , ,,, ,r. m • Staphyunidae Atheta 

/ 5 3 \ \L 111, V 111 / . jv 

{Meotica) exilia Kr. 4, 'Fachy})orua hypiwrum F. Larvae 4, 6 

Cryptophagidae. Atomaria linearia Steph. 4. Elateridae. 

Athoua sp. (larvae) 4, 5, 0, 10 ^jj^y » y) • Larva non det. 10 . 

Diptara. Cecidomyidae. l.Arvae 5 Chieonomidae. Larvae 4, 6 

/ 6 4\ \1T, III/ / 5 2 \ 

ill III’ II)' Trichocera sp. (larvae) 6, ^*1**^’^^®* 

Larva 6 j . Phobidae. Larvae 3 • Anthomyidae. Puparia 3.4.6(j^. 

(one parasitised). 
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Hyxnenoptera. IcnraximoNiDAit. Phygadeuon fumator Qrov. 6 (reared from 
Anthomyid puparium). 

MYRIAPODA.” 

Ghilopoda. Geophiijdae. Geojihilus Umgicomis Leach. 3, 5, 6 

Diplopoda. PoLYDESMfDAE (probably mostly Brachydejmus ttuperus moaellanus 

( 20 12 \ 

--Yr, -t" )j Brafhydeft^nus mpenis mosellann/t Vorhoelf. 3, 6, 0, 10 
1-V 1 / • / 2 \ 

IFV’ j| Ij )• Iitltpak. Cylindroivlis londincima 

var. eaenilaocinctua (Wood) R, 0 (t7?' Blanidltdae. (Probably mostly 

guUulatua (Bose.) 3, 4, 6, 0, 10 Blaniuhia guttulalua (Bose.) 3, 4, 5, 6 

/_38 11 \ 

Vi~iv* m;- . 2 \ 

Syxnphyla. Sp. 5, G . 


ARAGHNIDA. 


Araneida, 

Acarina. 


OLIGOCHAETA (Terricolae). 3, 4, 5. ft, 10 ^ . 

OLIGOCHAETA (Limlcolaa). 3, 4, 5, 0, 10 j . 


Plot No, 0 2 . Dung^ Sxi'per'phosplmtc and Potnsh, 

Samples taken during months 3, 4, 5, 6, 10, 

INSEGTA. 

Gollembola. Anuria granaria (Nie.) Tullb. 3, 4, 5, 0, Onythurun 

armatua (TuIIb.) 3, 4, G j|j jy-? l)’ 4, 5, G, 10 ’ Jl)* 

ambulana (L.) 4, G ^ Achorutes purpureacena Lubb. 4, R, G^p~, ^aolo- 

murus palustria (MulL) 4 ; LcpidocyrUia hinuginoma (Omel.) R ‘’P* (ill)’ 

BourktieUa Hariensia (Pitch) G . 

Hemiptara. Jassidae. Sp, 10 . ApiiipmAE. Oeoira sp. 10 . 

Goleoptara. Carabidae. Larvae 4, 5 ( V Hydrophylidae. Helophmia 

( 1 \ "*/ / \R 3 \ 

Yr ) . Staph YL iNiDAE. Alhftia (Meoiica) ejnlia Er. 3, 4, 5, 10 ( f-v,, ); 

/j\ /jv \J-V 11/ 

Tachyuaa umhratica Er. jj; Aleochara triatia Orav. Cryptophaoidae. 

Atomaria linearia Steph. 4, 5, G (j"^> j)* Ei^teridae. Athma sp. (larvae) 3, 4, G 
{iT^’ 1?) ■ (i) • 

Diptara. Ckoidohyidak. Larvae B, 6 • MvcRTOPHnjDA®. Sp. 6 ^j-j) . 
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CHiRONomDAE. Larvae 6, 6 • Tipulidae. Larva 3 Trichocera (larvae) 3, 

Phowdae. Sp. 


'MYRIAPODA.' 


Ghilopoda. OEOPHnjDAE. Oextphilue longicomia Leach 3, 4, 6, 10 ( ^ rr • 

/ 7 5\ \J1~V 11, JV, V/ 

Diplopoda. Non (let. 3, 10 ( a, ttt). Polydesmidak. (Probably mostly 

\l V, V IV/ / ^1 9 \ 

Brachydesmm superus moHtllanm Vorhoeff) 3, 4, 6, 0, jyjj Brachydefmua 

superua moaellanuA Vorhoeff 3* 5 Ophiodesmua albonnnua (Latzcl) 3, 5 . Ittudae 

OyUnAroivluM Jondinnutia var. emrulcocimlua (Wood) 4, 5, 6, Blaniu- 

LIDAE. (Probably mostly Blanivlua gvtlulalus (Bose.)) 4, 5, 6, lof )j Blaniulus 

( 3.*) 24 \ 

111 i; Archiboreoivlua pallidua (Brade-Birks) 4, 6 
11-V 111/ 

{n-iiv 1U)‘ f 2 X 

Sympbyla. Sp. 3, 


ARACHNID A. 


Araneida. Sp. 3. 4 Ul)' 
Aearina. 3, 4. S. lo(j"v m)* 


Aearina. 3, 4, 5, 10 
OLIGOGHAETA (* 

OLIOOGHAETA (] 


(Tarrieolae). 3, 4, 6. 0, y)- 

( 2.'S.5 120\ 

ni)' 


Plot No, A 1. Dung ami Ammonium Salts, 
Samples taken during months 4, 5, 8, 10. 

INSEGTA. 


( .*»,> 15\ 

jjy, IV )' 

armatua (Tullb.) 4, 5, 8, Ij^* O, fimetariua 0^*) * Ih)* 

amhuUina (L.) Achorutva purptireacena Lubb. Folaomia fmeUiria 

(L.) Jaotoma griae^ma Sehaff. ** laoUmurua paluatna (Mull.) 8, 10 

(l III* l)’ nitidna (Temp.) 5 Lepidocyrtua aex-ocuUiiua (Schott) 

8 BourleiidUi hortenaia (Fitch) 5 , 

Hemiptera. Homoptera (larva) 5 ^ . 

Goleoptera. Carabidae. Amara familiar ia Buft. (jjj Pteroatirhua (larva) 
^(iTl)* ^(ll Vfi* n)’ OxyteluanitiduiuaGmv, 4 O, 

tetracarinatua Block. 5 (jii)* Scopaeua auktcolha Steph. 8 larvae 4, 8 • 
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CBYFropHAQiDAE. AtomaHa linearis Stoph. 4, V)' Athms 

sp- Larvae nen det. 8, 10 

Diptera. Myoetophiudae. I-iarva4^^^. Chteonomidae. Larva Tipf- 

IJDAE. Triehocera sp. (larvao) 4, 5, 8 Phobidak. Larvae 4 . An- 

THOMYIDAE. Piipa 4 Non det. pupa 4 

'^MYBIAPODA. 

Chilopoda. Lithobitdae. Monotarsobius duhasqvi (Brulemann) ^RO- 

( 11 6 \ 

I y, jiy )• 

Diplopoda. Polydesmtdak. (Probably mainly Brarbydej^mus superus moseUanus 
Verhoeff)4, 5, 8, Braehydesfinus superus moseUanus Verhooff Ophio- 

demnus alhonanvs (Latzel) 10( ? V CRASPEDOSOMinAE. Poh/microdon wdydesmovdes 

( 1 \ 

Illj. Bi^NiiiLinAK. (Probably mainly Blaniulus gufhtlams (Boro.)) 4, fi, 8, 

10 n)* ffuttularvs (Bose.) ^ -y^J Arrhiboreoiulvs pallidus 

(Brade-BirkR) 6 

SympbyU. Sp. 4. 5, 8 


i. Sp. 8, 10 Q. 

1 . 4, r., 8(jj- j^, jj^. 


ABACHMIDA. 

/o\ 

Araneida. 

Aearina. 

OLIGOCHAETA (Terricolae). 4. 

OLIOOCHAETA (Limicolae). 4,6,8,10^?'*^, ‘"jj. 
PULMONATA. 8, 10 


5, S.l»(, 


7. Census op the Fauna op the Plots Examined. 

(a) Vnmanured {Control) Plot (No. 0 8). The total number of Inver- 
tebrates in this plot in ten samples was 156, or 1,208,000 per acre. Of 
these 87, or 678,000 per acre, were Insects. In addition five eggs of 
Leptohylemyia coarctata (39,900 per acre) were found in this plot. 

The numbers per acre of the more abundant groups were as follows: 
Collembola 379,000; Diplopoda 209,000; Coleoptera 163,000. There 
were three earthworms Oligochaeta (Terricolae) 23,000 per acre; four 
Aearina 31,000 per acre; Oligochaeta (Limicolae) 224,000 per acre, 
and no Chilopoda in the samples. 

The numW of species of Insects which occurred in the samples was 
about 30. 
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The following orders of Insects were represented in the percentages 
given: Collembola 58*3; Psocoptera 1-2; Thysanoptera 2*4; Hemiptera 
1*2; Coleoptera 25*0; Diptera 9-5; Hymenoptera 2*4. The dominant 
order in number of species present was the Coleoptera with 12 species. 

The most abundant species was Onychiurus armatus (Tullb.), which 
made up 42*9 per cent, of the total Insects, the next being Ackorutes 
puffurescens Lubb. 7-1 per cent. 

The “probable error” of the total number of Insects per acre is 
± 36, (KK) or ± 5*3 per cent. 

(6) Ammonium SaUs Plot {No, A 8). Total number of Invertebrates 
in ten samples 182, or 1,410,000 per acre. Of these 129, or 999,000 per 
acre, were Insects. In addition a nest of 36 eggs of Forficida auricularia 
was met with, and 27 eggs of LeptohyUmyia coarctata (209,000 per acre) 
were also found. 

The numbers per acre of the more abundant groups were as follows : 
Collembola 643,000; Coleoptera 163, (KK); Acarina 147,000; Diplopoda 
31,(X)0; Oligochaeta (Tcrricolae) 15,000; and Oligochaeta (Limicolae) 
341,000. No Chilopoda were found. Of the 19 Acarina found, 17 were 
hypopi clinging to a single Forfioula auricularia. 

The number of species of Insects which occurred in the samples was 
about 31 . 

The following orders of Insects were represented in the percentages 
given: Collembola 66-4; Orthoptera 2-4; Thysanoptera 2-4; Hemiptera 
2*4; Coleoptera 9*6; Diptera 16*0; Hymenoptera 0*8. The dominant 
order in number of species present was the Coleoptera with 10 species. 

The most abundant species was Onychiurus armaius (Tullb.), which 
made up 69*2 per cent, of the total Insects, the next being Trichocera 
larvae 5*6 per cent. 

The “probable error” of the total number of Insects per acre is 
± 191, ()(K), or ± 19*1 per cent. 

(c) Superphosphate Plot {No, 0 6). Total number of Invertebrates in 
ten samples 224, or 1,734,000 per acre. Of these 184, or 1,424,000 per 
acre, were Insects. In addition three eggs of Leptohylemyia coarctoita 
(23,000 per acre) were found. 

The numbers per acre of the more important groups were as follows: 
Collembola 1,239,000; Coleoptera 163,000; Diplopoda 31,000; Chilopoda 
80(X); Acarina 8000; Oligochaeta (Limicolae) 209,000. No Oligochaeta 
(Terricolae) were found. 

The number of species of Insects which occurred in the samples was 
about 27. 
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The following orders of Insects were represented in the percentages 
given: Collembola 87*4; Lepidoptera 05; Coleoptera 06; Diptera 3*3; 
Hymenoptera !■!. The dominant order in number of species present 
was the Coleoptera with 9 species. 

The most abundant species was Onychiurus arrruUus (Tullb.), which 
made up 77’0 per cent, of the total Insects, the next being Achorutes 
purpurescens Lubb. 4*9 per cent. 

The “probable error** of the total number of Insects per acre is 
± 285,000, or ± 20-0 per cent. 

(d) Dung Plot (No. 01). Total number of Invertebrates in five 
samples 836, or 12,948,000 per acre. Of these 150, or 2,323,000 per acre, 
were Insects. 

The numbers per acre of the more abundant groups were as follows : 
Collembola 1,580,000; Coleoptera 418,000; Diptera 294,000; Oligo- 
chaeta (Limicolae) 7,155,000; Diplopoda 1,982,000; Oligochaeta (Ter- 
ricolae) 960,000; Acarina 217,000; Chilopoda 108,000. 

The number of species of Insects which occurred in the samples was 
about 25. 

The following orders of Insects were represented in the percentages 
given: Collembola 68*0; Orthoptera 0*67 ; Thysanoptera 0-67 ; Coleoptera 
18*0; Diptera 12*0; Hymenoptera 0*67. The dominant order in number 
of species present was the Collembola with 9 species. 

The most abundant species was Anurida grawiria (Nic.) Tullb., 
which made up 33*78 per cent, of the total Insects, the next being 
Onychiurus fimetarius (L.) 17*5 per cent. 

The “probable error’* of the total number of Insects per acre is 
± 286,000, or ± 12*4 per cent. 

(e) Dung, Superphosphate and Potash Plot (No. 0 2). Total number 
of Invertebrates in five samples 610, or 9,448,000 per acre. Of these 143, 
or 2,215,000 per acre, were Insects. 

The numbers per acre of the more abundant groups were as follows : 
Collembola 1,564,000; Coleoptera 449,000; Diptera 170,000; Oligochaeta 
(Limicolae) 3,949,000; Diplopoda 2,246,000; Oligochaeta (Terricolae) 
558,000; Acarina 170,000; Chilopoda 108,000. Of the 11 Acarina founds 
three were hypopi clinging to a Diplopod. 

The number of species of Insects which occurred in the samples was 
about 27. 

The following orders of Insects were represented in the percentages 
given: Collembola 70*63; Hemiptera 1*40; Coleoptera 20*28; Diptera 
7*69. The dominant order in number of species present was the Collem- 
bola with 10 species. 
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The most abundant species was Onychiurus jimetarius (L.), which 
made up 34*48 per cent, of the total Insects, the next being Achorvies 
purpurescena Lubb. 12*41 per cent., Anurida granaria (Nic.) Tullb. 
11*03 per cent., and Atheta (Meotica) exilis Er. 10*34 per cent. 

The “probable error” of the total number of Insects per acre is 
± 303,000, or ± 13*5 per cent. 

(/) Dung and Ammonium Salts Plot {No. A 1), Total number of 
Invertebrates in five samples 679, or 10,516,000 per acre. Of these 302, 
or 4,677,000 per acre, were Insects. 

The numbers per acre of the more abundant groups were as follows : 
Collembola 2,037,000; Diptera 1,533,000; Coleoptera 991,000; Oligo- 
chaeta (Limicolae) 4,027,000; Diplopoda 790,000; Oligochaeta (Terri- 
colae) 620,000; Chilopoda 185,000, Acarina 93,000. Of the 99 Diptera 
found, 91 were larvae of Trichoceray which occurred in one sample. 

The number of species of Insects which occurred in the samples was 
about 29. 

The following orders of insects were njpresented in the percentages 
given: Collembola 45*70; Hemiptera 0*33; Coleoptera 21*19; Diptera 
32*78. The dominant order in number of species present was the Col- 
lembola with 12 species. 

The most abundant species was Trichoccra sp. (larvae), which made 
up 30*23 per cent, of the total Insects, the next being Anurida granaria 
(Nic.) Lubb. 18*27 per cent, or, excluding Trichocera larvae, 26*19 per 
cent. 

The “probable error” of the total number of Insects per acre is 
± 1,180,000, or ± 25*0 per cent. 

For the undunged plots taken together the total fauna is 1,451,000 
per acre, of which 1,032,000 are Insects. The “probable error” on this 
total number of Insects is zL 182,000 or ± 12*5 per cent. 

Taking the dunged plots together the total fauna is 10,971,000 per 
acre, of which 3,072,000 are insects. The “probable error” on this total 
number of insects is ± 361,000 or ± 11*36 per cent. 

8. Comparison of the Fauna of the Plots. 

In comparing the populations of the different plots, much the most 
striking difference appears to be between the three not manured with 
dung, and the three to which dung is applied, irrespective of their treat- 
ment as regards artificial manures. The populations per acre of the 
separate plots and of the undunged and dunged plots considered to- 
gether, are tabulated in Table I and are also shown diagrammatically in 
Figs. 1 and 2. The differences in the figures for total Insects are not 
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Table I. 


Number of individuaUt in the different orders of 
Insedts and other groups in the various jdots. 


Thousands per acre. 
Separate plots 


Averages 


Un- 



0 8 

A8 

05 

01 

02 

A1 

dunged 

Dunged 

CoUembola 

379 

643 

1239 

1580 

1564 

2037 

754 

1727 

Ofthoptera 

— 

23 

— 

15 

— 

— 

8 

5 

Psoooptera 

8 

— 


— ' 

— 

— 

3 

— 

Thysanoptera 

15 

23 

8 

15 

— 

— 

15 

5 

Hemiptera 

8 

23 

8 

— 

31 

15 

13 

15 

Lepidoptera 

— 

— 

8 

— 

— 

— 

3 

— 

Coleoptera 

163 

163 

163 

418 

449 

991 

163 

620 

Diptcra 

62 

155 

46 

279 

170 

1533 

88 

661 

Hymenoptera 

15 

8 

15 

15 

— 

— 

13 

5 

Total Insects 

673 

999 

1424 

2323 

2215 

4677 

1032 

3072 

Chilopoda 


— 

8 

108 

108 

185 

3 

134 

Diplopoda 

209 

31 

31 

1982 

2246 

790 

90 

1673 

Symphyla 

8 

-- 

... 

31 

31 

46 

3 

36 

Aranoida 

23 

8 

8 

15 

31 

31 

13 

26 

Acarina 

31 

147 

8 

217 

170 

93 

62 

160 

Oligochaeta 

23 

15 

— 

960 

558 

.620 

13 

712 

(Terricolae) 

Oligochaeta 

224 

341 

209 

7155 

3949 

4027 

258 

5044 

(Limicolae) 

Isopoda 

15 

— 

— 

— 


— 

5 

— 

Pulmonata 

— 

— 

— 

— 

— 

31 

— 

10 

Total fauna 

1208 

1410 

1734 

12,948 

9448 

10,516 

1451 

10,971 


Table II. 


Number of species in the different orders in (he various pilots. 




Plots 

A 



Averages 

j* 

bs 

A8 

05 

01 

02 

"Ti 

r ^ 

Undunged Dunged 

CoUembola 6 

7 

7 

9 

10 

12 

6*6 

10-3 

Orthoptera — 

2 

— 

1 

— 

— 

•6 

•3 

Fsocoptera 1 

— 

— 

— 

— 

— 

•3 

— 

Thysanoptera 1 

1 

1 

1 


— 

10 

•3' 

Hemiptera 1 

2 

1 

— 

2 

1 

1-3 

10 

Lepidoptera — 

— 

1 

— 

— 

— 

•3 

-- 

Coleoptera 10 

10 

9 

7 

9 

10 

9*6 

8*6 

Diptera 7 

7 

5 

6 

6 

6 

63 

6*0 

H 3 rmenoptera 2 

1 

2 

— 

— 

— 

L6 

— 

Chilopoda — 

— 

— 

1 

1 

2 

— 

1*3 

Diplopoda 2 

2 

2 

4 

5 

5 

20 

4*6 
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significant between the separate undunged and dunged plots, but be- 
tween these groups of plots taken together the difference is distinctly 
significant. 

This increase in number in the plots receiving dung is noticeable in 
all groups of Insects and other Invertebrates, as well as in the totals. 


Millions Millions 

per acre per acre 



Fig. 1. Number of individuals in the more important groups in the various plots. 

and the numbers of species were also increased (Table II). The increase 
is most marked in the case of the Oligochaeta (Limicolae) which are 
present in small numbers without dung, but very numerous where dung 
is applied. Oligochaeta (Terricolae) from being present in very small 
numbers without dung are numerous with it, Diplopoda are very much 
increased by dung, and Chilopoda and Elateridae larvae, almost absent 

Aim. BioL ziv ^ 
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where dung is absent, are present in small numbers where dung is 
applied. 

Of the species of Gollembola present Anurida granaria and Onychiurua 
fimetarius are much more abimdant in the presence of dung, becoming 
the most abundant species; in the undunged plots Onyehiurus armatus 
is much the most abundant species, and is present in considerably 
greater numbers than it is in the dunged plots. This is the only case 
observed in which a species was more plentiful in the absence of dung. 


100,000 100,000 

per acre per acre 



T 2 3 4 6 6 7 8 9 1 2 3 4 6 6 7 8 9 1 23456789 


Unmanured Ammonium Salts Superphosphate 



Dung Oung,8uperpho8phate Dung & Ammonium 

& Potash Salts 


Coilembola; 2, Orthoptora; 3, Psocoptera; 4, Thyaanoptera; Hemiptora; 
Lepidoptera; 7, Coleoptera; 8, Diptera; 9, Hymonoptera. 

Fig. 2. Number of individuals in the different orders of insects in tbc various plots. 


It is noteworthy also that the injurious Diplopoda were much in- 
creased by the application of dung and that Elateridae larvae were also 
increased. 

The occurrence during both autumns over which the investigation 
extended of eggs of Leptohylemyia coarctata is of considerable interest, 
and has been dealt with more fully elsewhere (7). The larvae of this fly 
may have been living in the plants of couch grass (Triticum repens) 
which occur in the field, although no such larvae were observed in the 
few plants of this grass which were examined. Adults of Atomaria 



H. M. Morris 


459 


linearis were the most plentiful Coleopteron and were more numerous 
in the plots receiving dung, and particularly so in the plot A 1 receiving 
dung and ammonium salts. This species is known to be a pest of man- 
golds and in some years has caused considerable damage to the crop in 
this field. The larva of this species was not recognised, but some un- 
identified larvae which occurred may have been those of this species. 

In connection with the Elateridae larvae it may be mentioned that 
all the specimens obtained, except one, belonged to the genus Athous^ 
while a considerable number obtained from a permanent pasture field 
adjoining and separated only by a fence, all belonged to the genus 
Agriotes, although there has not apparently been any previous sugges- 
tion of either having any particular preference for one type of land 
rather than another. 


9. Distribution in Depth. 


The samples of soil were taken, as was done previously, in five 
layers, so that the depth at which the specimens occurred could be 
recorded. These five layers were, as before: I, surface to one inch below 
the lowest point of the surface; II, one to three inches; III, three to 
five inches; IV, five to seven inches; V, seven to nine inches. In taking 
a sample it was usually quite evident that ploughing had affected the 
soil to a depth of about five or six inches, a distinct change in the appear- 
ance of the soil being noticeable in layer IV, between five and seven 
inches. 

The distribution in depths of the groups — ^All Insecta, Collembola 
only, “Myriapoda” and Oligochaeta (Terricolae) — is shown in the 
diagram (Fig. 3). As was found in the previous investigation, most 
Insecta and Oligochaeta (Terricolae) were found in the upper five inches 
of the soil, although the preference for the second level, at a depth of 
one to three inches, was not so marked, and in several cases most in- 
dividuals were found in the layer between three to five inches deep. 

In some groups, no individuals were found at a greater depth than 
seven inches, although from the diagram it seems probable that the 
Insects, Collembola, and “Myriapoda” occur to a greater depth than 
nine inches, at least in the plots receiving dung. 

The percentages of the total Insects at the different depths were : 


Unmanured plot: 
Ammonium salts: 
Superphosphate: 
Dung: 


I 28-0; II 33-6; III 16-7; IV 16-1; V 6-7. 

119 0; II 45*7; III 21*3; IV 9-3; V 4-7. 

I 14-1; II 32-9; III 36 0; IV 13 0; V 4 0. 

122-8; II 28-2; III 30-9; IV 9-4; V 8-5. 


30—2 
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Dung, superphosphate 

and potash: 1 17-2; H 41*0; III 22-1; IV 110; V 8-2. 

Dung and 

anunonium salts; 1 18*1; 11 23*7; 111 36*8; IV 14*1; V 8*2. 

Owing to the samples from the undunged plots having been taken 
only during the winter and those from the dunged plots only during the 
summer, no seasonal variation in distribution is observable, nor is it 
possible to observe any variation in distribution due to ploughing, as 
the ploughing was done during the period that samples were being taken 
from the undunged plots, and the numbers of Insects obtained in each 
sample from these plots was too small for a useful comparison. 


All Insects 



Unmaa Ani.Salt8 Super Oiing Dung,Super&Pota8h Dung«Ani.Salts 
Fig. 3. Distributum in depth of the more important groups in the various plots. 


10. COKPASISOK WITH OTHER SoiL FaUNA OF AbABLB LaND. 

Comparing the insect population of the plots at present under con- 
sideration with that of the plots examined previously in Broadbalk 
field (6), it is at once apparent that the number of Insects present is much 
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smaller in the present instance. The population of the plots not receiving 
di^ is, in Bam Field, between 600,000 and 1,600,000, as compared 
with nearly 2,600,000 in the nnmanured plot of Broadbalk, the com- 
pletely unmanured plot of Bam Field containing under 700,000 Insects 
per acre. 

In the case of the dunged plots of Bam Field, the population of two 
was about 2,260,000 per acre, and of the third 4,750,000, the larger 
number obtuned from the latter plot being due, however, to one un- 
usually rich sample. In Broadbalk the number of insects in the dunged 
plot was about 7,760,000, so that the numbers of insects in the dunged 
plots of Bam Field are nearer to that of the unmanured plot of Broadbalk. 

The following definitely determined species of Insects were found in 
Bam Field, which had also been found in Broadbalk: 

OnycMwrut Jimetarius, 0. ambulans, laotoma minor, IsoUmunu 
paJuttris, Orchesdla viUooa, Heteromimu nUidus, Lepidocyiius cyaneua, 
Fotficula auricuhria, Hdophorua nvbUtu, Stenw atAaenua, Oxytdua 
tetracarinatria, 0. inuatua, 0. nUididita, and Tackyporua hypnorum. 

It is probable that some of the larvae of Coleoptera and Diptera 
which were not specifically identified were also smaller. 

Amongst the “Myriapoda” the following species are common to both 
fields: Brachydeamw aupenta moaeUanua; Cylindroivliua londinenaia var. 
camdeocinoltta; BUmiultu gtiUulatua; ArcMboreoivdua pattidua, and 
GeophUua longicomia. 

The most interesting new species occurring in Bam Field are Anttrida 
granaria and OnycJiiurua armatua which occur in considerable numbers 
in the dunged and undunged plots respectively. The two species Atomaria 
linearia and BourUtieUa hortenaia are also of interest as they are both 
pests of mangolds, and the latter caused considerable damage to the 
young mangold plants during 1926, and, for a short time, was present 
in very large numbers. 

Probably the cause of the differences in soil population between the 
dunged and undunged plots of Bam Field and those of Broadbalk is 
the very different amount of cover provided in the two cases by the 
crop and weeds, and the very different proportions of the year that the 
fiel^ are bare. In the case of Broadbalk, on which wheat is grown every 
year, on the dunged plot the crop provides abundant cover through the 
spring and summer, and in addition to the wheat plants, weeds are 
present in abundance, and the only cultural operation possible during 
this time is hand hoeing, which does not cause any very great disturbance 
of tile soiL The only period of the year during which ploughing, etc., 



462 


Inseet and other Invertebrate Fauna 


can be carried out is between the harvest and the autumn drilling for 
the next year’s crop, a period of a month or two. On the unmanured 
plot of Broadbalk the growth of the crop is not nearly so thick and weeds 
are less abundant than on the dunged plot, so that not nearly so much 
cover is provided. 

On Barn Field, on which mangolds are grown every year, the crop 
does not provide more than very scanty cover until well into the summer, 
and, although weeds are fairly abundant here also, there is nothing 
approaching the tangle of vegetation which occurs on the dunged plot 
of Broadbalk. Cultural operations are possible on Barn Field from about 
November until the next year’s crop is sown, about the end of April, 
and, during most of the summer, hoeing — both by horse and by hand 
— is carried out at intervals. 

From the foregoing comparisons it appears that the soil fauna is 
influenced largely by the use of dung as manure, and by the amount of 
vegetation on the ground, and to a very small extent, if at all, by the 
use of artificial manures. 

Since the previous paper by the present writer was published in 
1922, an important paper on the soil fauna near Aberystwyth by Miss 
M. Thompson (9) has been published. In this paper the author gives an 
account of an investigation of the soil fauna of pasture land, ungrazed 
grassland, land recently ploughed, and of cultivated land, of which the 
latter is most nearly comparable with the area discussed in the present 
paper, although the manuring and cropping have not been the same from 
year to year, the field thus being more typical of normal arable land than 
Barn Field. This irregularity of treatment has probably prevented the 
manuring from having any marked effect. 

The numbers per acre calculated from Miss Thompson’s data give 
about 4,600,000 Insects per acre, of which over 94 per cent, were Col- 
lembola. This total is greater than that in two of the three dunged plots 
examined in Barn Field but the number of Insects other than Collembola 
is not so great at Aberystwyth as in the dunged plots of Bam Field, 
prbbably owing to the heavy and regular dressings of dung on the Barn 
Field plots : the number of Insects other than Collembola at Aberystwyth 
is not greatly in excess of the numbers in the undunged plots of Barn 
Field. Possibly the much greater numbers of Collembola at Aberystwyth 
may be due to the open and porous nature of the soil there, compared 
with the high percentage of clay in the Bam Field. 

The number of Oligochaeta which would come under the grouping 
^^pligochaeta (Terricolae) ” used in the present paper, is rather less at 
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Aberystwyth than in the dunged plots of Barn Field, and of the group 
^^Oligochaeta (Limicolae) ” is very considerably less. This again is 
directly attributable to the much smaller amount of dung the ground 
there had received. 

The Diplopoda, while more numerous in the Aberystwyth area than 
in the Barn Field undunged plots, are considerably less numerous than 
in the dunged plots; even on an occasion when they were causing appre- 
ciable damage at Aberystwjrth their number was less than their average 
number on two of the dunged plots. 


Summary. 

Samples of soil were taken from six of the plots of Barn Field on 
the farm of the Rothamsted Experimental Station, and the Insects and 
other Invertebrates found therein are recorded together with the ap- 
proximate depth at which they occurred. 

On these plots one receives no manure, one superphosphate only 
and one ammonium salts only, while of the other three, all of which 
receive dung, one receives superphosphate and potash, and another 
ammonium salts in addition. 

The total number of Insects and other Invertebrates per acre in the 
undunged plots were 1,208,000, 1,410,000 and 1,734,000 respectively. 
Of these 673,000, 999,000 and 1,424,000 respectively were Insects. 
Similarly in the dunged plots the total numbers of Insects and other 
Invertebrates per acre were 12,948,000, 9,448,000 and 10,516,000 re- 
spectively, and of these 2,323,000, 2,215,000 and 4,677,000 respectively 
were Insects. 

Each sample was taken in five layers so that it was possible to record 
the approximate depth at which each individual occurred. The greatest 
number, both of Insects and of other Invertebrates, occurred in the 
upper five inches of the soil. 

From the figures obtained in this investigation it appears that 
artificial manures have little or no effect on the soil fauna, while the 
effect of dung in increasing the numbers and the number of species of 
the fauna is very considerable. 
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NOTE ON THE ACTIVITIES OF HUMBLE BEES 
{BOMBUS) IN NORTH WALES 

By C. L. WALTON, Ph.D., M.Sc. 

{Adviser in AgrimUural Zoology, University College, Bangor.) 

In August 1923 the writer published a short article in the Entomologists’ 
Monthly Magazine giving a brief account of the activities of various 
species of Bombi noted during the period 1913-21, chiefly from records 
gathered in North Wales in 1919-21, together with a few from Mid-Wales, 
and other parts of the west of England. These notes have since been 
extended (1923-26) by a further mass of records from North Wales (and 
a few from West Herefordshire and Montgomeryshire). 

As a result it is believed that a fairly complete idea has been gained 
of the work of the more abundant species, throughout their active 
periods, at any rate for North Wales, and adjacent regions. The less 
abundant mountain species have received less attention than the more 
abundant lowland forms. To tabiilate the full activities of each species 
would require more space than seems commensurate with the subject 
and an attempt is made to combine the chief information as far as 
possible in one table. The data presented was gathered, for the most 
part during field work in ordinary agricultural land, gardens, etc., and 
no type of cultivation was given predominance. 

All records relate to actual flower visits, including the dates given 
for “First not«*d” and “Last noted,” which do not refer to nest-hunting 
“queens,” etc. 

The following species have been noted during the work, and are 
given below together with some general remarks, and a list of the flowers 
visited (other than those of chief economic value, which will be found in 
the table appended). The records are not given in botanical order but 
in sequence of seasonal observation. 

(1) BOMBUS unoABtus. CoRunon eveiywhero. Recorded from a total of 27 
flower apeoiee (economic and non-economic). Gorae, Boaemaiy, Rhododendron, 
Garden Anemone, Dog Violet, Apple, Daisy, Bluebell, Buttercup, Laburnum, 
Eacallonia, Vieia septum. Self Heal, Yellow Battle, Ceniaurea nigra, Hieracium, 
Wild Thyme, Leontgdon autumnale. Rest-harrow, Bed Bartsia, various meadow 
Compositae, Brassioas. 
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(2) B. TEBBESTHis and (3) B, LUOOBUH. Thcse two species are both very abundant, 
and in their times of appearance and activities show great similarity. B, temtstria 
has been recorded from 45 flower species, and lucorum from 54. 

The flowers visited by the latter include Rosemary, Heaths (Garden), Berberis 
spp., Mahonia, Gorse, Dandelion, Red Ribes, Sallows, Bluebell, Sycamore, Ground 
Ivy, Iris, Escallonia, Charlock, Lousewort, Ox-eye Daisy, Sage (Garden), Caper 
Spurge, Sheep’s Scabious, Fuchsia, Hieradum spp., HdiatUhtmum sp.. Campanula 
spp., Burdock, Figwort, Thistles, Bartsia, Snowbeny, Scabious, Privet, Wood Sage, 
Bolanum jetaminoides, 

(4) B. sobb5bbsis. Recorded in small numbers, July to September, on Dandelions, 
Blackberry, and Centaurea acahioaa. 

(5) b. fbatobum. Common in North Wales, and recorded as visiting 36 species 
of flowers, the non-economic species being Berberis spp.. Wood Anemone, False 
Strawberry, Heaths, Dandelion, Bluebell, Laburnum, Columbine, Marigold, Comfrey, 
Yellow-Rattle, Escallonia, Snowberry, Thistles, Hypericum sp.. Sheep’s Scabious, 
Veronica (cultivated). Rest-harrow, Antirrhinum, Cotyledon umbilicus^ Charlock, 
Sea Holly, Cerdaurea nigra, 

(6) B. JOKELLUS. A rare mountain species in North Wales, a few having been 
obtained from June to August on Jasione montana. Erica cinerea, and E, vagans, 

(7) B. LAppoNicus. Not a common species. Recorded from May 27th to end of 
August, visiting Cardamine praiensia. White clover, Pedicularia sylvatica (once each) 
and fairly common on Blackberry and E, vagans, 

(8) B. BUDERATUS. The only specimens referable to this species are several 
melanic (Jd collected about Dyserth and Rhyl, August 10th; 1923. Those were en- 
tirely black with the exception that “the beards of the mandibles are rust-coloured ” 
as stated by Sladen(2), p. 175, also a few pale hairs and a tendency to greyish- brown 
on the tail, more especially beneath. No females or workers wore obtained although 
sought for. 

(9) B. HORTOBUM. Common, and reported from 23 flower species. Primrose, 
Pulmonaria, Bluebell, Columbine, Hawthorn, Escallonia, Red Campion, Horse- 
Chestnut, Sage (Garden), Convolvulus major. Foxglove, Centaurea nigra, Self-Heal, 
Stachys germanica, 8, sylvatica. Wood Sage, Antirrhinum (Garden), Burdock, Fuchsia, 
Honeysuckle, Bell-Heather, Herb-Robert Thistles, Tropaeolum indicum. Common 
Hemp Nettle. 

(10) B. DISTINOUENDUS. A fine “queen was taken near Bangor, June 22nd, 1924, 
crawling on a road, during cold, windy weather. 

(11) B. LATRBUiLBLLUS. Only oue specimen was taken, July 11th, 1920, on white 
Clover near Bethesda. 

(12) B. DBEHAMBLLUS. Local, recorded April-July on Dog Violets, Yellow Rattle, 
and Lathyrua pratense, 

(13) B. AQROBUM. The most abundant species in North Wales, found througliout 
the season, and later than any other species, being noted as visiting Qateopaia near 
Bethesda at 700 feet on November 18th, 1926. Collected from 70 flower species, 
including Herb Robert, V^llflower, Dog Violets, Dandelions, Ground Ivy, Lungwort, 
Bilberry, Garden BrassiMis, Lady’s Smock, Lathyrua sp., Valeriana pyrenaica Cen^ 
iaurta sp., Comfrey, Ajuga reptana. Purple Dead-nettle, Blue-bell, liceser Spearwort, 
Dog Rose, Garden Roses, (White) Rhododendrons, Escallonia, Home-Chestnat, 
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Mimidus sp., Sage (Garden), Foxglove, Red Campion, Vida cracea^ Lotus major ^ 
Shirley Poppy, Sheep's Scabious, Burdock, Spear Thistle, CalamifUha^ Hemp Nettle, 
Wood Sage, Self Heal, Wood Betony, Antirrhinum (Garden), Purple Loose-strife, 
Fuchsia, Vida orobus, Gkirso, Field Scabious, Stachys sylvatica^ Red Bartsia, White 
Dead-nettle, Hollyhock. 

(14) B. HELFEBANUH. Local, and appeals late, not being recorded prior to July 
1 6th. addition to a few economic records (see Table) it has occurred on Hollyhock 
and Centaurea nigra. 

(15) B. MUscoRUM. Only one definite record, a queen taken by Mr W. Maldwyn 
Davies, B.So. This specimen was pollen-collocting on lilies, Bangor, June 18th, 1924. 

In the table the following abbreviations are used: 

c. ==i common; v.c. == very common; f.c. = fairly common; s. = several records in 
different years. 

(7), (2), etc., indicate only that number of records. 

The other figures denote months. 

General Notes. 

In 1923 the spring weather was cold, with practically no early 
bursts of heat and very few ?? Bombi were noted until the warm days 
of May Tth-lOth, when great numbers were seen. In marked contrast 
was April 9th, 1926, when ‘‘queens” of six species were abundant and 
active. 

A cf and $ of B. hortorum were collected in copula on herbage on the 
headland of a field of mangolds, etc., at 2 p.m. on Sept. 10th, 1926, in 
bright hot weather, in Carnarvon. 

As regards “robbing” the only two instances noted both relate to 
B. pratorum, the first of workers nectar sucking from numerous perforated 
flowers of Corafrey, at Aber, May 11th, 1926, and the second at Bangor, 
June 13th, 1926, when the flowers of Broad Beans were being visited at 
9.30 p.m. (summer time). In this case the bases of all the corollas were 
badly damaged by perforations made on their upper surface. In neither 
instance was pratorum observed actually doing the damage. 

B, pratorum was likewise observed nectar sucking from the extra floral necteries 
of Broad Beans, in a Bangor garden, June, 1926. Williams (3) dealing with red clover 
at Aberystwyth concluded that not more than 4-6 per cent, of the total bees present 
were “robbers.” 

B, hortorum was observed visiting and nectar sucking from “thrum” flowers 
of Primrose in April, 16 being visited in rapid succession on two contiguous roots 
growing on a rockery amongst many other plants. 

Further instances noted of bees passing from one flower species to 
another are as follows: (1) B. lapidarius ?, Beilis perennis to Viola sp. 
(dark blue). (2) B. hortorum (at 1000 ft. in Montgomeryshire), Foxglove 




Apr.-Ang. 

Local 

Ju]^ 16th-Sept 24tli. 
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to Stachya sylvatica (several) and on to Erica cinerea, (3) B. agrorum^ 
worker, C. nigra to Hierachium sp. This species was also observed to 
visit colonies of PsyUa crataegi on Hawthorn, near Bangor, June, 1926, 
in order to lap up “honey dew.” 

Summary. 

1. A short account is given of the species of Humble Bees (Bombi) 
observed by the writer in North Wales and adjacent districts during the 
period 1919-27, with notes on their relative abundance and seasonal 
activities. 

2. The chief economic plants visited by each sx>ecies are listed, 
together with brief mention of those cultivated and wild flowers most 
favoured. 
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1. Introduction. 

This paper represents an endeavour to ascertain the structure and the 
function of the curious pair of stigma-like depressions or pits (Fig. 1, PT) 
which are to be found on the ninth abdominal segment of the wheworm 
{Agriotes obscurus Lin.). Earlier writers erroneously referred to them as 
spiracles but later authors have described them cither as muscular 
impressions or sensory pits. 

H<nst(6), 1922, suggests that they may represent a modified ninth 
pair of stigmata and points out that nowhere in the literature is he able 
to obtain any guidance concerning the significance and embryological 
development of these structures. 

Whilst examining the voluminous literature which has accumulated 
concerning such an important economic species as the wireworm the 
writer was rather surprised to note that practically nothing has been 
recorded concerning the internal anatomy of the wireworm nor indeed 
of Elaterid larvae generally. 
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For instance, Horst (S) in his fwly elaborate paper on the morphology 
and biology of the Elateiidae gives no account of the internal anatomy 
of the larvae, although the external appearance is extensively treated. 
Consequently some additional information has been included in this 
paper on the internal anatomy of Agriotes obscurus (larva). 



Fig. 1. The lateral view of the last or ninth abdominal segment of the larva of Agriotes 
obscurus, x50. anus; PT, pit. 

I desire to thank Prof. J. S. Gardiner, P.R.S., for the facilities he 
has afEorded me to carry out this work in his laboratory. 

Acknowledgements are due to Mr A. Rymer Roberts, M.A., who 
determined the instars of some of the wireworms worked on; to Dr 
Kcilin, who examined my sections of the malpighian tubes; and also to 
Mr P. R. Petherbridge, of the School of Agriculture, Cambridge, who 
provided me with some material. 

2. Technique. 

The chief technical difficulty encountered in attempting to obtain 
sections through the region of the pits or indeed through any part of a 
wireworm is the well-known toughness and thickness of the cuticle. 

The following method was devised to obtain sections through the 
pits. 

The larvae were fixed in either Carnoy’s (No. 2 formula) or Bouin’s 
fluid and 'the ninth abdominal segment then cut away and embedded in 
paraffin wax using ordinary methods. The embedded segment was then 
cut out of the wax and the two parts of the segment containing pits cut 
away, care being taken to chip away as much of the integument as 
possible without injuring the pits and the soft structures associated with 
them. The chitinous wall of the pits is much thinner than that of the 
cuticle of the general body surface and after being re-embedded good 
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sections were obtained. Whole mounts were also made of the pits and 
nitric acid proved a useful and rapid deooloriser of the chitinous parts. 

For the examination of the internal anatomy of the larva dissections 
were made and the parts studied were both mounted whole and sectioned. 
The alimentary canal and associated structures were best cut at 6 ft 
thick but the best sections of the chitinous parts were obtained from 



Fig. 2. Ono of the pits on the last abdominal segment of A. obmurm (larva) viewed from 

the inner aspect and rendered partly transparent with nitric acid. x«30 diams. 

MO, thickened margin of pit; HT, setae lining the outer surface of the pit wali. 

sections 10 n thick. Delabeld’s iron haematoxylin proved sufficient for 
nearly all staining purposes, and safranin was occasionally used as a 
counter stain. 

All sections and dissections were made from larvae of the last instar. 
I am indebted to the late Dr C. L. Withycombe for securing for me a 
supply of reliable indicators which were used to test the reaction of the 
various parts of the alimentary canal and its contents. 

3. The “Sensoby” Pits. 

The external appearance of these two depressions or pits which are 
to be found on the last abdominal segment of the larva of Agrv^ 
dtscurua has been adequately described by Roberts (8). 

'This worker in describing the ninth abdominal segment of the wire- 
worm {A . obsmrus) writes : “ The ninth abdominal segment is considerably 
longer than the preceding one, conically paraboloid (Belingfi)) with a 
pair of large open pits margined with brown situated near the anterior 
margin of the tergite. In life they are nearly round but contract at the 
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sides to an elongated oval shape when preserved in spirit. Their margin 
of stout brown chitin is somewhat raised above the general area of the 
tergite on either side. Within the pits are lined with a pale membrane 
which bears numberless minute dark hairs arranged over the entire 
surface. Similar fine hairs are also found on the inner surface of the 
chitinous rim just mentioned. In consequence of the presence of these 
hairs situated in pits the latter are presumed to have a sensory function 
though what it may be has not been ascertained. Formerly they were 
supposed to be spiracles but more recently they have been referred to as 
muscular impressions by Henriksen(5) and Schiodte(9). 



Fig. 3. A transvom^' Bection of a pit. x 780 (Uams. ML, muscles which completely surround 
the inner surface of the pit wall; ST, setae lining the outer surface of the pit wall. 

An examination of sections of the pit wall show that the hairs (Figs. 
2 and 3, 8T) lining its outer surface are setiform in shape and arise from 
the general surface of the cuticle. Moreover, they do not possess a 
nervous supply at their bases and consequently cannot be differentiated 
from ordinary body hairs nor grouped with any known type of sensillae. 

No other type of structure which is associated with sense reception 
in insects was found in the region of the pits and neither by dissection 
nor by examination of sections was any direct nerve supply traced to 
the pita. Lining the inner surface of the pit wall and closely appressed 
to it is a thick layer of muscular tissue (Fig. 3, ML). From the foregoing 
Ann. Bid. xiv 31 
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it appefus that if these pits and thdr setae possess any function of a 
sensory nature it must be of a very diffuse and unspecialised type. It 
is possible, keeping in view the fact that the cuticle of the pit wall is 
thinner than that of the general body integument, that the animal may 
be sensitive to differences of pressure in the region of the pit of which 
the greater resisting power of the rest of the cuticle would otherwise 
render it oblivious. 

From this study of their structure, however, the term sensory pits 
does not seem to be jtistified and the evidence seems to point to the fact 
that they are connected in some way with the functions of the muscles 
and are very probably rather large muscular impressions. 

In reference to the opinion of Horst (6) that the pits may represent a 
modified ninth pair of spiracles it may be stated that no structures were 
found which would tend to support such a view, but as my sections were 
made entirely from larvae in the last instar a study of earlier stages 
might prove useful. 


4. The Alimentaby Canal. 

The alimentary canal is a practically straight tube which is remark- 
ably free from the appendicular glands often associated with the gut of 
both larval and adult insects. 

A very careful search enables the writer to state definitely that those 
structures usually referred to as salivary glands in insects are absent. 
This state of affairs is not an unusual occurrence in both larval and 
imaginal Goleoptera. Gastric coeca also are not found and histological 
evidence suggests (Fig. 6) that the digestive fluids are secreted entirely 
by the epithelial lining of the mesenteron. 

Immediately behind the oral opening the gut swells slightly to form 
a pharynx (Fig. 4, PH) and thereafter narrows and is continued as the 
oesophagus (Fig. 4, OE) to about the posterior region of the second 
thorade segment where the calibre of the tube again increases sharply 
to form the mesenteron (Fig. 4, MS). The inner surface of the wall of 
the oesophagus projects into the lumen to form four longitudinal ridges 
extending the whole of its length (Ilg. 5, LR). They are supplied mth 
muscular elements from the circular layer (Big. 5, CM) and by their 
movements assist the passage of food along the gut. 

The longitudinally arranged muscle bands are very powerful, esped- 
ally in the region of the pharjmx. 

The oesophagus at its junction with tiie mesenteron projects some- 
what into the lumen of the latter (Fig. 4, JE?F),‘forming a kind of vdve. 
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The mesenteron is a tube of fairly uniform calibre extending from the 


hinder part of the second thoracic 
segment to the region of the seventh 
or eighth abdominal segment and 
varies from eight to ten millimetres in 
length. Stained surface preparations 
of the mesenteron show externally a 
series of longitudinal muscle bands 
beneath which may be seen a layer 
of circular muscle fibres. Fig. 6 repre- 
sents a transverse section of the 
mesenteron in its posterior region. 
Internally the epithelial cells are seen 
in both the secretory phase (^B) 
and the quiescent phase (IB). When 
actively secreting the cells elongate 
in a radial direction and vesicles 
containing fiuid are “nipped off*’ and 
mingle with the alimentary matter 
Ijring on the lumen of the gut. The 
presumptive evidence is very strong 
that those vesicles contain the di- 
gestive ferments. Numbers of these 
vesicles could be observed lying in 
the lumen of the mesenteron (Fig. 6, 
and the digestive ferments pro- 
bably pass out by a process of dialysis 
and mix with the food material. There 
is no peritrophic membrane of any 
type in the gut of the wireworm 



Fig. 4. The alimentary canal of Affrioles 
obscurua (larva) with part of the cen- 
tral nervous system, x 60, EV, oeso- 
phageal valve; IN, small intestine; 


(Agfiotes obscutus). MP, malpighian tube; MS, mesen- 

The epithelial lining is thicker and OE, oeBophagus; oo. 

„ ^ • i. 1 . oesophageal ganglion; PII, pharynx, 

usually more active m the middle sub-oosophageal ganglion, 

region of the mesenteron and there 

is a greater tendency for it to be thrown into folds. There does not 
appear to be any differentiation of the epitheUum into absorbent and 
secretory cells although the less active epithelial cells neat the posterior 
end of the mesenteron may have a specialised absorbing function. The 
outer ends of the epithelial cells rest on a barement membrane (Fig. 6, 
BM). Groups of small cells with darkly staining nuclei (Fig. 6, CC) are 
to be seen at intervals beneath the epithelium. 


Sl'-S 



Fig. 5. A transverse section of the oesophagus showing the four longitudinal ridges which 
project into the lumen of the tube throughout its length, x 600 diams. CMy circular 
muscular layer; LJB, longitudinal ridge. 



Fig. 6k A transverse section of the mesenteron near its posterior extremity showing the 
epithelial colls in both secretory and resting phases, x 300 diams. Drawn from sections 
6/x in thickness. AE^ epithelial cells in active secretory phase; basement mem- 
brane; CC^ crypt cells; CM, Circular muscle layer; IE, epithelial cells in the resting 
phase; LM, longitudinal muscle layer; PN, peritoneal layer; VS, a vesicle from a 
secretory epithelial oelL 
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Similax groups of cells were described by Qe]iuchten(4) in Ptychopxra 
c(nUafMiMk^ and this writer named them crypt cells because they oc- 
curred in the hollows beneath the folds of epithelium, dehuchten regarded 
them as centres of regeneration for epithelial cells. 

Covering the outer surface of the mesenteron is a thin sheet of con- 
nective tissue which corresponds to the peritoneal layer of some other 
insects (Fig, 6, PN). The contents of the mesenteron when dissected out 
in double distilled water immediately after killing gave an alkaline 
reaction to Bromothymol blue and the pH lay between seven and eight. 

The walls of the mesenteron gave a similar reaction. The hindgut 



PTg. 7. A transverse section of the hindgut in the region of its middle third, x 600 diams. 
CM, circular muscle layer; EP, epithelium; LM, longitudinal muscle band; PN, 
peritoneal layer; TT, tracheal tube. 

measures from 3 to 5 mm. in length and there is no differentiation into 
intestinal and rectal regions (Fig. 4, IN). The walls are composed intern- 
ally of a layer of large epithelial cells which are grouped into six ridges 
for the greaiter part of its length (Fig. 7, EP). There is, however, a region 
midway along the hindgut where two pairs of ridges gradually run 
together, thus reducing the number to four, two large ridges alternating 
with two small ones. Posteriorly again the two large ridges split to 
re-form the original six ridges but these become very irregular in shape 
and sue near the anal region. 

The nuclei of the epithelial cells vary in shape but are usually some* 
what elongated with the long axis radially directed. 
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The epithelium rests on a basement membrane and external to the 
latter is a layer of striated circular muscle fibres. Six comparalsTely 
hu^ muscle bands lie outside the circular muscles and each of these 
bands alternates vith an internal ridge of epithelium. Enveloping all 
these structures is a thin lining of connective tissue (Fig. 7, PN). The 
chitinous intima which lines this region of the gut is thicker in the anal 
region. Anal and rectal glands are absent. The alimentary canal opens 
to the exterior through a longitudinal slit on an anal papilla (Fig. 1, AN) 
situated on the anterior ventral surface of the last abdominal segment. 



5. The Malpighiah Tubbs. 

The malpighian tubes in both Agriotes obscurus and Athous haemor 
rhoidaUs consist of four rather long yellow 
tubes whose distal extremities terminate 
freely (Fig. 4, JlfP), there being no secondary 
attachment to the gut or to each other 
such as occurs in the larvae of certain 
other Coleoptera. Occasionally the tubes 
are coloured very dark brown to black in 
irregular patches which vary in length 
from 1 to 3 mm. 

An examination of sections of the 
darkened parts of the tube revealed that 
their lumina were completely occluded 
with a mass of non-crystalline excretory 
matter which gave the characteristic 
colour to that part of the tube (Fig. 8). 

The malpighian tubes when dissected 
out in double distilled water and im- 
mediately transferred to indicators gave a decided acid reaction in 
bromoth 3 m(iol blue but was alkaline in bromophenol blue. The latter 
indicator has a range of pH 2*8-4*6. The hindgut reacted in a similar 
manner to these indicators. The cells lining the lumen of the malphighian 
tubes near their proximal ends are smaller and more regular in shape 
tiian those nearer the distal exiaremities and a considerably greater 
number of the former are required to line the periphery of the tube. 
The muscular layer of the hindgut sends- some of its fibres along the 
mslinghian tubes and the latter may be capable of some independent 
motion, but this was not observed. 


F^g. 8. A transverse section of a 
malpighian tube showing the 
lumen occluded with black ex- 
oretoiy matter. Drawn from 
sections 15 /x thick. x 800 
diams. 


H. C. James 


479 



Fig. 9. An oblique section through the alimentary canal at the junction of the mesenteron 
and the hindgut showing the opening of one of the malpighian tubes into the gut. 
Drawn from sootions 9 n thick, x 300 diams. ER, an epithelial ridge of the small 
intestine; MN, mesenteron; MT, malpighian tube; Z/3f, longitudinal muscle of 
mesenteron; IN, small intestine. 

6. The Cbnteal Nervous System, Dorsal Vessel and Fat Body. 

The central nervous 83 rBtein consists of the usual pair of supra- 
oesophageal ganglia (Fig. 4, OG) which lie above the oesophagus in the 
prothorax and send forward numerous nerves into the cephalic region. 

The sub-oesophageal ganglia (Fig. 4, SG) whose double natures are 
not obvious lie close up to the supra-oesophageal ganglia. 

The connectives which join the three thoracic ganglion masses 
together are double but those connecting the eight abdominal masses 
appear as single cords. The connective joining the last two abdominal 
nerve centres is very short and there appears to be a tendency towards 
coalescence. The dorsal vessel was also observed and consists of a non- 
septate tube extending nearly the whole length of the animal. 

The fat body consists of narrow leaf-like folds sometimes of extra- 
ordinary length which may entirely disappear in larvae which have 
been starved for some considerable time. 
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Summary, 

The structural evidence obtained from the study of the pits on the 
ninth abdominal segment of AgriMes obscurus favours the view that 
they are a pair of muscular impressions. The hairs lining the pit walls do 
not possess a nervous supply nor was any special nervous supply traceable 
to the pits as a whole. No structures which have been associated with 
sense reception in insects were found in the neighbourhood of the pits. 
There was no evidence that the pits are a modified pair of spiracles as 
was suggested by one writer (6). 

With regard to the alimentary canal there are no salivary glands. 
The oesophagus possesses four ridges which project into its lumen and 
their muscular nature suggests that they are capable of independent 
movement. 

The mesenteron is devoid of gastric coeca and does not contain 
peritrophic membrane of any type. 

The digestive fluid is secreted in vesicles which are budded off from 
the epithelial cells lining the midgut. The contents of the mesenteron 
has a jpH of between seven and eight which is similar to the reaction of 
its cell walls. The hindgut is a straight tube without clearly marked 
intestinal and rectal regions and there are no glands of any kind in this 
part of the gut. 

The malpighian tubes are four in number and are generally of a 
yellow colour, but it is not unusual to find blackened patches in the 
tubes which are due to dark masses of excretory matter blocking the 
tube. 

The dorsal vessel is non-septate. 

Besides the supra- and sub-oesophageal ganglia there are 11 nerve 
masses in the central nerve chain — three thoracic and eight abdominal. 

The masses of fat body are characterised by their leaMike shape and 
great length. 
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THE BIOLOGY OF THYSANOPTERA WITH 
REFERENCE TO THE COTTON PLANT 

1. THE RELATION BETWEEN DEGREE OF INFESTATION 
AND WATER SUPPLIED 

By ROBERT A. WARDLE, M.So. 

{University of Manehe^.) 

(With 3 Text-figures.) 

An opinion prevails among many entomologists who have studied out- 
breaks of Thysanoptera in various parts of the world, that epidemic 
damage from certain species is connected in some way with abnormal 
meteorological conditions, and in particular with sub-normal rainfall. 

It must be emphasised that this opinion rests more upon observation 
than upon precise experiment, and so expresses rather the point of view 
of the particular observer than any concrete phenomenon. The views 
of different observers concerning the same insect are thus sometimes 
contradictory. 

With regard to Hdiothrips rubrodnctus Giard., the Cacao Thrips, 
a serious pest of cacao, mango, avocado and other plants in the West 
Indies, Surinam, Brazil, San Thom4, Gold Coast Colony, Florida and 
elsewhere; decrease during the rainy season seems due to conditions 
unfavourable to multiplication; the greatest abundance is in times 
of drought (Reyne, A., 1921, Surinam). Weather conditions seem to 
have a very considerable influence upon the abundance of thrips; if, 
during the normal dry season there are frequent showers, thrips are 
likely to be more numerous; the reason for this is not definitely known 
(Ballou, H. A., 1919, Grenada). New shoots on cacao appear at the begin- 
ning of the rainy season, and it is then that thrips begin to multiply on 
the cacao trees, the maximum appearance being just after the heavy 
rains of May and June ; a certain degree of moisture seems to be necessary 
for the development of the thrips; at the height of the dry season they 
are at their lowest ebb, although the damage done by them may be 
most apparent at that time; thrips are naturally oonlarolled by heavy 
showm of ram and by excessive drought (Urich, F. W., 1916, Grenada). 
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On one estate, two periods of abundance of thrips occurred during thfer 
year, one in April and May, in the dry season, and the other in September 
and October, in the wet season. (Agric. News, Barbadoes, 1916, re 
St Vincent.) Hdiothrips rvbrociiMius seriously attacked and defoliated 
cacao especially in dry localities or during dry weather (Ritchie, A. H., 
1916, Jamaica). 

With regard to Thrips (abaci Lind, the Onion Thrips, a cosmo- 
politan pest of many cultivated plants, the periodicity of epidemics is 
in direct relation to the temperature and rainfall during June, July and 
August; a temperature above normal, and rainfall below normal, are 
factors that favour development and are unfavourable to the proper 
growth of the onion plant (Horsfall, J. L. and Fenton, F. A., 1922, Iowa). 
As a rule, when onions are planted, the dry season is not completely 
established and the first onion crop, lasting about two months, suffers 
little from thrips if sufficient water be present; there may be a second 
good crop, unless water be scarce, in which case, as in that of a third 
crop, a considerable loss occurs owing to infestation (Van Heurn, W. C., 
1923, Java), 

With regard to EtUhrips nicotiame Hinds., the Tobacco Thrips, 
it is quite evident that the amount of injury by thrips will vary from 
year to year, depending upon the period and amount of rainfall (Hooker, 
W. A., 1907, Florida and Georgia). 

With regard to Scirtothfips citri Moul, the Citrus Thrips of Cali- 
fornia, the number of generations is greater in exceptionally long, hot 
summers than in more moderate ones. Cool, cloudy or rainy weather 
markedly diminishes the various activities of the insects (Horton, 1918, 
California). 

With regard to Heliothrips indicus Bagn., the Cotton Thrips, during 
the rainy season the thrips is difficult to find and only becomes effective 
after the rains have more or less ceased (Bedford, H. W., 1921, Sudan). 

Many more quotations concerning this question could be given, but 
these will suffice. 

Application of the belief that thrip epidemics are correlated with 
unusually dry conditions, to the practical control of an epidemic, has 
only been suggested, to the author’s knowledge, by Hooker, who in- 
dicated in 1907 the noticeable effect of sprinkler irrigation m decreasing 
the numbers of EtUhrips nicoHancu! upon tobacco plants, and the in- 
ability of surface irrigation to produce such a decrease; and by Corbett 
(1919) and Bedford (1921), who have recommended, against Hdiothrips 
indicus in the Gezira cotton growing area of the Sudan, an increase in 
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the water supply of furrow irrigated cotton from 460 cm. per feddan 
(= 1<038 acres) to 560 or even 600 cm., every 16 days. 

Scope of the present experiments. 

The series of experiments which are described in this paper were 
devised in order to decide: 

(а) whether the degree, to which a species of Thysanoptera may 
infest a species of plant, can vary with the amount of water the plant 
receives; 

(б) whether, if such correlation be established, there is any differ- 
ence between rai n fall and irrigation in this respect; 

(c) whether there is any correlation between the degree of infestation 
and the interval of time which elapses between successive waterings of 
the plant. 

The experiments were carried out under glasshouse conditions in 
Manchester during, as regards preliminary experiments, the summers of 
1924 and 1925, and as regards the main experiments, the summer and 
autumn of 1926. About 300 cotton plants were used each year, chiefly 
of the Egyptian Sakellarides variety, and long staple American Upland 
varieties. 

The species of thrips used in the experiments was Thrips tabad 
Lind., which is in very many respects one of the most suitable species 
for such experiments. The biology and life-cycle of this insect will be 
discussed in later papers. It is sufficient here to indicate that this 
species possesses the following suitable qualifications. 

(1) It is cosmopolitan, a severe pest of many plants in such climatic- 
ally different areas as South Europe, West and Central Europe, Asiatic 
Russia, India, Java, Australia, Hawaii, Chili, Mexico, the United States, 
Und Canada. 

(2) Althov^ not itself a recorded pest of cotton, it attacks cotton 
plants with avidity, producing lesions almost indistinguishable from 
those produced by Hdiothrips indicus, the cotton thrips of the Sudap, 
and by Thrips fiama, the cotton thrips of Turkestan. It is the most 
closely related species to the latter form. 

(3) It is paiticulariy a species which appears in the form of sporadic 
and severe epidemics; such outbreaks have been recorded in areas so 
separated geographically as Iowa, France, Java and Queensland, and 
have been correlated by observer with drought conditions. 
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ObJecttODS to glasshouse experiments. 

There are of course certain serious objections that can be raised against 
experiments of this nature carried out under glasshouse conditions. In 
the first place, it might appear that the blocks of plants are too small 
numerically to permit of definite conclusions being drawn from the data 
thus obtained, and, in the second place, that the degree of insect in- 
festation is higher than occurs normally in the field, since the plants are 
living under abnormal conditions of water supply, atmospheric humidity, 
crowding, root freedom, and so forth, whilst the insects concerned are 
protected from enemies and from adverse climatic conditions. Whilst 
admitting that glasshouse experiments are valuable only as a guide to 
the lines upon which large scale field experiments can profitably be 
conducted, and that field tests must be the final arbiters of the con- 
clusions drawn from such glasshouse experiments, it must be emphasised 
that they permit of more precise control of temperature and water supply, 
and of a much more accurate conception of the degree of insect infesta- 
tion, than can be obtained under field conditions. The plants, them- 
selves, though from the same strain of seed, were finer and healthier 
plants vegetatively than were those in the Egyptian or Sudanese fields, 
owing possibly to the calmer and more humid atmosphere, and the 
lower sun temperatures, of the glasshouse; and although they were 
inferior in production of flowers and bolls, would be little inferior in the 
number of ripe bolls produced, were the glasshouses situated in a sunnier 
situation than the confines of an industrial city, since the degree of boll 
shedding was lower than in their native area. 

As regards the degree of insect infection, it was probably higher 
under glasshouse conditions than in the case of ordinary endemic attack 
in the field, but probably much below the severity of infestation during 
an epidemic. 

Conditions of temperature and humidity. 

With regard to the mean values for temperature and atmospheric 
humidity in a glasshouse, it is evident that whereas temperature is, 
within limits, controllable, the humidity is not thus controllable, and 
when considerably heavy amounts of water are being applied to plants, 
the mean relative humidity will approach saturation. 

It was necessary therefore to carry out a series of experiments with 
the object of establishing: 

.(a) the optimum temperature for the development of the life-cycle 
stages of ThHpa tabaci in a saturated atmosphere; 
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(6) the water supply required by cotton plants grown at this par* 
ticular temperature and at a high degree of relative humidity. 

The experiments concerning the optimum temperature for the insect 
will be described in a later paper. It may be stated briefly that the value 
arrived at was 20-22^ C. 

The value of water supply arrived at, for Egyptian and American 
plants grown in pots of 22-23 cm. diameter at the soil surface, in a 
mean temperature of 20-22° C. and at degrees of humidity between 80 
and 100, was 300 c.c. of water per pot at intervals of three days. This 
is equivalent to 75 mm. of rainfall, or approximately 300 cm. of irrigation 
water per acre, per month. Throughout the experimental work of 1926, 
therefore, the temperature of the glasshouse was controlled, as far as 
possible, so as to give a mean value of 21° C. Actually, owing to fuel 
shortage, the mean temperature attained was 19° C., the mean maximum 
being 26-7° C. and the mean minimum being 11*25° C. 

The mean maximum and minimum relative humidities throughout 
the period were 92*4 per cent, and 74*7 per cent, respectively. 

The estiiiiatioii of intensity of infi»rtation. 

In order to be in a position to compare the intensity of thrip infesta- 
tion of different blocks of plants throughout the period, a sufficiently 
accurate method of measuring the degree of infestation had to be 
devised. 

There is no standardised method of estimating the density of insect 
attack that can be satisfactorily applied to foliage insects in general. 
Three lines of approaching the problem were possible: 

1. Estimation of the ^physiological effect of insect attack upon the 
plant, by comparison of the amount of leaf shedding, flower production, 
square shedding and boll shedding of infested plants and uninfested 
plants. 

2. Estimation of the morphological effect of insect attack upon the 
plant by obtaining the ratio of damaged to undamaged leaves. 

' 3. Estimation of the actual numbers of insects upon the plant by 
counting. 

The first method was impracticable, since many factors beside insect 
attack can influence leaf shedding or boll shedding or flower production. 

The second method was also unsatisfactory since extensive leaf 
damage is no indication of correspondingly severe thrip infestation. 
Severely damaged leaves are generally free from thrips. Further a 
]%htly attacked leaf may in time develop intensely rusty, necrosed areas. 
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The third method is impracticable, if precise accuracy be required, 
since, ideally, every stage of the insect on each plant of each block 
would have to be counted, and the minute size of these stages, together 
with the large number of them that may occur on a plant, would render 
the method inexpressibly tedioTis and slow. Even if only a certain 
number of leaves be examined, as was done by Reyne, there is the dis- 
advantage that since leaves vary in size, such a count is useless for com- 
parison with other blocks or with blocks of another species of plant. 

The method actually adopted was to take, at intervals throughout 
the summer, a number of leaves from each block of plants, to measure 
the area of each leaf with a planimeter, to count the number of adult 
and larval thrips on each leaf, and to obtain for the sample of leaves a 
definite numerical infestation factor which expressed the number of 
adults or larvae per 100 sq. cm. of leaf surface. This factor was con- 
sidered to represent the intensity of infection of that particular block of 
plants at that particular time. 

The leaves were selected at random, but very young leaves and 
severely damaged leaves were avoided, since they were almost invariably 
free from thrips. Estimation of the intensity of infestation of each 
block was commenced only after the block had been subjected to a 
definite water supply for at least four weeks. 

The method is of course not precise. Errors occur in measuring the 
area of each leaf. Errors in counting the number of thrips per leaf, since, 
when several himdred stages are present, even though the count be 
made with the help of a binocular microscope, small and partly con- 
cealed individuals are liable to become overlooked. The method however 
is sufficiently accurate to indicate differences in the degree of infestation 
of different blocks of plants, and although each leaf requires an examina- 
tion lasting three to five minutes, the operation is incomparably quicker 
and less tedious than would be an attempt to count the insects on leaves 
still on the plant. 

The method has the advantage of permitting comparison between 
blocks of plants of different ages and sizes, between plants of different 
varieties, and between plants of different species. 

The value of the data thus obtained is dependent upon: 

(а) the number of plants examined; 

(б) the frequency of examination; 

(c) the purity of infection; 

(d) the non-migration of thrip stages between adjacent blocks. 
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Not more than one or two leaves per plant can be removed at each 
examination if the plant is not to be affected by defoliation. Actually 
only 10-20 leaves per block were taken at each examination, although 
each block contained 30-50 plants. Each block was examined at least 
four times within a month, that is to say within the average length of the 
thrip life-cycle. 

The purity of infection throughout the experiments was very high. 
Occasional specimens of Parthemthrips dracaenae that occurred in early 
summer were easily noted and avoided when counting. No other species 
of Thysanoptera were present. There was no other cotton attacking pest 
such as Greenhouse Whitefly or Red Spider, beyond a slight infection of 
a few plants of one block by the aphid Myzm persicae during August 
1926, and a slight attack by an unidentified Tortricid caterpillar during 
the same period. 

The migratory powers of Thrips tabaci depend very largely upon 
the agency of wind. In an absolutely calm atmosphere, the insect can 
only leap from one leaf to another in close proximity, or, in the case of 
small plants, can travel from one plant to another by leaping along the 
ground. In a glasshouse, air currents are present to a slight extent, and 
a certain amount of migration of adult thrips occurs between blocks. 
It must be noted however that the thrips, after emerging from the pupal 
stage, climbs the nearest plant, works its way upward from leaf to leaf 
until it has found a lower leaf surface sufficiently clear to its liking, 
whereupon it commences to feed and to oviposit. Such oviposition is 
invariably upon the lower surface, and the insect probably only travels 
to the upper leaf surface after oviposition is over. That is to say, 
migrating thrips have in most cases already oviposited on the plant 
near whose base they emerged. In any case, there is no migration of 
larval stages from block to block. 

Under glasshouse conditions therefore, the infestation of a series of 
adjacent blocks of plants can be compared throughout a season with a 
fair degree of accuracy, since the infection of each block is uniform, and 
'a block is not reinforced greatly in number of adult thrips from an 
adjacent block, and in larval thrips not at all, providing that a sufficient 
interval between blocks be maintained. 

In the field such comparison is difficult owing to the close proximity 
of plants and to the occurrence of wind. Even in one block, under field 
conditions, the windward edge may be heavily infested and the lee- 
ward edge relatively free. 

In calculating the infestation factor, it is advisable to examine both 
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surfaces of the leaf and to double the value of each measured leaf surface 
since, although in the great majority of cases, the insects occur only on 
the lower surface, examples occur of both surfaces being infested by 
adults or larvae, owing to overcrowding or to severe surface damage of 
the lower foliage surface. 

The highest value obtained for the infestation factor was, in the case 
of adults 27, and in the case of larvae 111 individuals per 100 sq. cm. of 
leaf surface. Both values occurred on a particular block of American 
cotton during late July and early August. The largest number of 
adults on an individual leaf was 84, and of larvae 392, again on American 
cotton. Counts of round about 200 larvae per leaf were common. 

Four series of experiments were carried out. 

Series L 

Three blocks of plants, F, and G were taken. Blocks F and 0 
were plants grown from severely selected Sakellarides seed of the 1924 
Egyptian crop. Block E was from seed of the Maarad variety, an Egyp- 
tian mutant from the Arizona strain of Pima cotton, itself a descendant 
of the Egyptian variety Abbassi, and very similar to Sakellarides. The 
plants in each block were 20 cm. apart, the blocks were 60 cm. apart. 
The plants were grown in pots of 23 cm. diameter at the soil surface, 
whose drainage holes had been plugged with cement. The soil was a 
medium clay loam. 

These blocks were watered at intervals of five days. E received the 
equivalent of 150 mm. of rainfall, or approximately 600 cm. of water 
per acre, per month; F received half this amount; 0 received one-fifth 
of this amount. The water was applied to the soil surface, care being 
taken to avoid splashing the foliage. Block E thus received an excessive 
water supply; block F a sufficient water supply; block G a deficient 
water supply. This was reflected in the appearance of the plants, block 
E comprising tall plants with numerous large succulent leaves, block 
F having plants similar in appearance to those in the field, and block 
G being composed of stunted plants with scanty, leathery, small leaves, 
the planti^ resembling the volunteer plants which may occur on fallow, 
unirrigated areas of the cotton field. 

Fig. 1 indicates the degree of infestation of both adult and larval 
thrips on these blocks throughout the months of August and September, 
when infestation was highest. As shown by these curves, the infestation 
factor varied inversely with the amount of water supplied throughout 
the period; the mean infestation factor for the adults was, for JS, F and 

Ann. BioL xiv 32 
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0, 0*42, 2*26 and 6*26 respectively; for larvae it was 2*86, 6*37 and 10-8 
respectively. 

If however the actual number of thrip stages per leaf be considered, 
it may be noted that E had 0-6 adults and 3*5 larvae, F had 2*3 adults 
and 6*9 larvae, G had 2*3 adults and 5*8 larvae per leaf. That is to say, 
these experiments suggest that excessive water supply may be accom- 



Fig. 1. Tho degree of infeatation of three biooks of Egyptian cotton. E, F, O, receiving 
* differing water Bupplies. 

panied by a low infestation factor and by an actual low number of 
stages per leaf, as compared with plants receiving normal water supply. 

Among plants suflering from water deficiency, the actual number of 
thrip stages per leaf may be lower than in the case of plants receiving 
normal watering, but owing to the smaller foliage surface the infestation 
factor will be greater and the plants will sufler more sev^ly. 
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Series n. 

Two blocks of cotton, X and Za, were taken, each comprising about 
60 plants of a strain of Webber cotton, an American Upland long staple 
variety, from seed of the 1925 crop of the Zeidab estate of the Sudan 
Plantations Syndicate. The size and arrangement of pots was as before. 
Block Za was watered by a revolving sprinkler in a portion of the house 
that could be shut ofiF from the rest by waterproof curtains. The height, 
speed and nozzle apertures of the sprinkler were so adjusted as to imitate 
fairly closely a heavy shower, and such a shower was applied at intervals 
varying from two to five days, the amount of rainfall at each application 
varying between 10 and 30 mm. but being always precisely recorded in 
a gauge. The rainfall intensity thus obtained was approximately 50 mm. 
per hour. The monthly rainfall simulated was that normally recorded 
in the Mongalla district of the southern Sudan, a district where long 
staple Upland cotton is being experimented with as a rain crop (Wardle, 
1926). 

Block Xy on the other hand, was subjected to an irrigation system 
of watering, each plant receiving an amoimt of water equivalent in depth 
of millimetres to that which each of the Za plants was receiving, the 
watering of both blocks being carried out at the one time; that is to say, 
at the same time that the Za plants were receiving a sprinkler fall of, 
for example, 15 mm., the X plants were each receiving the equivalent 
of 15 mm. applied carefully to the soil surface of each pot. 

The actual quantities of water applied each month were as follows: 



May 

,1\im 

Jvly 

Augvst 

September 

Za 

130 

110 

120 

160 

90 ram. 

X 

5395 

4505 

4980 

6(40 

3735 c.om. per pot. 


Thus the monthly totals were in each case in excess of normal 
requirements under glasshouse conditions. 

Fig. 2 indicates the infestation factors throughout June, July, 
August and September. The curves show a marked difference between 
X and Za as regards the degree of infestation of both adults and larval 
thrips. 

The mean infestation factors for block X for the whole period, were, 
for adults and larvae 6*68 and 16*8 respectively; for Za, the factors were 
9*16 and 27*6 respectively. 

The mean number of adults and larvae per leaf were, for block JC, 
7*2 and 17*1 respectively, and for block Za, 9*16 and 27*5 respectively. 
The close agreement of the actual numbers per leaf with the numbers 

32—2 
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per 100 sq. cm. of leaf surface is due to the fact that if a large number of 
leaves of American plants be measured the total surface area of both 
sides of a leaf will be found to approximate to 100 sq. cm. 

That is to say, the plants subject to irrigation were less infected on 
the whole than were those subject to rainfall, despite the fact that the 



« Fig. 2. The degrees of infestation of irrigated and of rainfall. American cotton with 
identical monthly water supplies. 


amount of water supplied and the watering dates were identical. It may 
be noted however that up to July 10, block X was more infected than 
block Za, but after this date, as the plants became leafier and as, pre- 
sumably, less water actually reached the soil level of Za than of X, the 
position became reversed. 

These results oppose the view that the minimising effect of heavy 
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water supply is brought about solely by mechanical removal of thrip 
stages from the foliage. In the case of Thrips tcAad, both adults and 
larvae are negatively phototropic, quickly migrating under experimental 
conditions from a sun'illuminated side of a leaf to the shady side. On 
the plant, however, when the under surface of a leaf is excessively 
crowded, the hunger stimulus brings them to the upper surface, even 
when fully exposed to the sun; they are however very restless under such 
conditions. This migration to the upper surface is more marked when 
the leaf is shaded by others or when the sky is overcast. Adult thrips 
on the upper surface of a leaf are readily removed by spraying or by 
shaking the leaf, but larvae cling more tenaciously to the leaf. 

The infestation factors for adults and larvae were obtained just 
before watering, and just after watering with the sprinkler on several 
occasions, and the results obtained suggest that the number of adults 
may be reduced considerably by the mechanical action of falling water, 
but that the reduction of larval numbers is slight. It is very possible 
however that many adults knocked from the plant succeed in getting 
back on to the plant again. 

It is possible however that in a rainfall climate, a species of 
Thysanoptera, which lives habitually on the upper foliage surface, may 
be affected numerically by intense heavy periods of rain, or in a dry 
climate may be so affected by heavy and careless irrigation, but that 
some additional explanation for the influence of heavy water supply 
upon thrip infestation is necessary seems indicated by the greater in- 
fluence of irrigation watering over sprinkler watering in the experiments. 


Series m. 

This series comprised experiments devised to test the effect of water 
contact upon thrips stages. Batches of first-stage and second-stage 
larvae, of prepupae and pupae and of adults, were floated on the surface 
of water in closed vessels, and batches were placed in waterlogged soil 
in closed vessels. 

Despite the fact that the insects were thus deprived of food, and 
were subjected to more prolonged and more intense contact with water 
than could occur under normal field conditions, the stages were very 
resistant. 

No adults died within six hours, about 20 per cent, within 12 hours, 
60 to 76 per cent, within 24 hours. All were dead within two days. 

Of second stage larvae, 30 per cent, died within 24 hours, about 50 
per cent, within two days, the rest within three days. First stage larvae 
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were less resistant, but the absence of food may have affected them. 
Prepupae and pupae were very resistant, very few dying within two days 
and many eventually becoming adults after several days’ water contact. 
In a series of experiments conducted by my colleague Miss £. I. MacOill, 
second stage larval thrips were reared in glass chambers in which the 
relative humidity could be kept constant by the use of mixtures of 
sulphuric acid and water. The laboratory temperature fluctuated be- 
tween 10*5 and 20*5® C. 

At 100 degrees of relative humidity, 8*6 per cent, of larvae were 
reared through to the adult condition. At 20 degrees of humidity, 2*2 
per cent, of larvae were reared through. 

When prepupal stages were used at 100 per cent, of relative hiimidity, 
40 per cent, of prepupae were reared to the adult condition; at 20 per 
cent., 37’6 per cent, were reared through; at absolute dr 3 rnes 8 16*6 per 
cent, were reared through. Thus, although a large percentage of larvae 
and prepupae died before reaching the imaginal condition, such mortality 
seems due to the unnatural rearing conditions rather than to the influence 
of a high degree of humidity. 

The results of this series of experiments therefore show that while 
certain stages of thrips can be killed by prolonged contact with water, 
they are not affected adversely by a saturated atmosphere. 

Series IV. 

Four blocks of plants were taken. A, B, C and D respectively, all 
comprising plants from Sakellarides seed of the Egyptian 1924 crop. 
These blocks were grown in the ground in a stiff clay loam. In blocks A 
and B the plants were grown on ridges; in C and D they were grown on 
the flat soil surface. 

These blocks received water applied to the ground surface precisely 
as under irrigation conditions; each block received the equivalent of 
226 mm. of rainfall, or approximately 900 c.m. of water per acre, per 
. month. The monthly total was applied in equal instalments at intervals 
varying for each block; thus A received the equivalent of 90 mm. every 
12 days, B the equivalent of 60 mm. every 8 da}n9, C the equivalent of 
30 mm. every 4 days, and D the equivalent of 16 mm. every 2 days. 
A water supply of 900 c.m. per acre per month would not be excessive 
under the conditions of low humidity, high sun temperature, and high 
rate of surface evaporation in such an area as Arizona, Mesopotamia or 
the Sudan, but under glasshouse conditions it is grossly excessive, being 
in this case three times what is necessary. In the case of block D the 
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soil was perpetually under water. All the plants grew excessively tall 
and strong, and had huge leaves and few flowers. 

The degree of thrip infestation throughout the period was low. The 
curves of the infestation factors are given in Fig, 3. 



Fig. 3. The degrees of infestation of four blocks of Egyptian cotton reoeiving identical 
monthly water supply but at differing intervals. 

It will be noted that block C was the least infested, A the next, then 
B and then 2), the respective mean factors being, as regards adult 
infestation, 1*26, 1*74, 1*8 and 2*63; and as regards larval infestation, 
2*03, 4*28, 6*7 and 11*9 respectively. The close similarity between the 
mean factors for adult infestation is probably due to the fact that. 
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owing to the excessive vegetative growth of these blocks, the branches 
of one block tended to overlap those of adjacent blocks and so to offer 
a path of migration for adult thrips from one block to another. An 
attempt to isolate the blocks by intervening hedges of Cajanus indicus 
was unsuccessful, as these plants, although in the Sudan apparently 
avoided by Heliothrips indicua^ were attacked as freely as were cotton 
plants and thus merely aided migration of the adult thrips from one 
block to another. Such adult migration however seems to occur after 
oviposition, and there is no larval migration between adjacent blocks, 
so that the curves of larval infestations give a more correct conception 
of the discrepancy between the mean infestations of the different blocks. 
The results of this series of experiments suggest that mere weight of 
water is not the only factor in bringing about a reduction in the degree 
of thrip infestation, but that the nature of the ground surface or the 
intervals between watering probably play a part. 

Block C had a flat groimd surface, water was applied every four 
days, and the soil surface although moist was firm and caked between 
waterings; block A had a ridged surface, but owing to the amount of 
water applied at each watering these ridges were completely covered, 
and for a few days after watering were compact, but, before the next 
watering date, had become loose and powdery; block B had also a ridged 
surface, but the water was never deep enough at each watering to cover 
the crests of the ridges, which were therefore always somewhat loose; 
block D had a flat surface but was almost always under a few millimetres 
of water. 

It may be added that since all the plants received the same quantity 
of water per month, all were about the same height and same stage of 
development. There is no reason to believe that the blocks differed from 
one another, as regards concentration of cell sap, thickness of cuticle, 
or other morphological features, so markedly as did the degrees of 
larval infestation upon them. As regards age, only 20 days separated the 
earliest sown block from the latest. 

General condusions. 

It is probable that in very many cases the effect of heavy rainfall 
or of heavy irrigation in reducing thrip infestation is more apparent 
than real. Increase of water supply stimulates the growth of individual 
leaves an^ the production of new leaves, so that the numerical ratio of 
thrip stages to unit area of foliage surface is lowered, and the ratio of 
damaged to undamaged leaves is lowered. The plants will therefore 
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appear to suffer less from thrip damage, and may actually do so although 
no numerical decrease of thrips may have been brought about. Further, 
under field conditions, where the chief danger to the plant from thrip 
attack arises from the defoliation caused by premature and undue leaf 
shedding, any meteorological phenomena or soil conditions which in- 
crease such leaf shedding or which reduce it, will magnify or will mini- 
mise, as the case may be, the damage resulting from thrip attack. That 
is to say, it is conceivable that of two adjacent districts, each with 
identical degrees of thrip infestation, but differing from one another as 
regards soil conditions and exposure to wind, the plants of one district 
may show severe injury, those of the other district may be scarcely 
affected. The results of these experiments however support the view 
that a correlation exists between the degree of infestation of Thrips 
tabaci upon cotton plants, and the amount of water the plants receive. 
They do not bear out the idea that the primary effect of watering is due 
to mechanical removal of thrip stages from foliage, or that the insects 
are readily killed by contact with water or waterlogged soil or inimically 
affected by a saturated atmosphere. 

Further, there is no evidence that changes in the concentration of 
cell sap, induced in cotton plants of the same age by differing water 
duties, are sufficiently important to influence the degree of thrip infesta- 
tion, although the migration of thrips from cotton in the field to such 
plants as lucerne {Medicago saliva) when the cotton is six or seven 
months old may be so influenced. 

One reason for the influence of heavy rainfall or heavy irrigation 
watering upon the degree of infestation of certain thrip species probably 
lies in the phenomenon of surface caking to which certain types of soil 
are liable, when subjected to alternate periods of beating rain or heavy 
flooding, and of hot sunshine. In the case of those species of Thysano- 
ptera whose larvae habitually descend into the surface layers of the 
soil to pupate, and whose emerging imagines must pass through the soil 
surface, such soil crusting, extending as it may do to a depth of several 
inches, inay be a i)otent agent in limiting their numbers. 

Towards the end of the summer of 1926, a number of pots containing 
Webber plants were selected at random, the plant in each cut down to 
within an inch from the surface. In the case of half the pots, the soil 
surface was kept dry and allowed to become loose and powdery; in the 
other pots, the surface was moistened and tamped down at intervals of 
a few da 3 rB. From the dry powdery surface, 175 adult thrips emerged 
between September 9th and 20th. From the moistened crusted surfaces 
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only 49 thrips emerged during the same period. Further experiments 
were vitiated by the general disappearance of thrips from the cotton 
about this time, and more evidence is required, but the results obtained 
certainly suggest that the emergence of adults is influenced by the 
nature of the soil surface. The entrance of larvae into the soil to pupate 
is probably less affected by soil caking, since they can pupate away from 
soil. If the soil be completely under water, some larvae will pupate 
between fallen leaves or on the plant itself. 

The effect of surface caking upon the thrip stages is probably one of 
suffocation brought about by the pressure of the clay particles. 

The degree to which such surface caking occurs under the influence 
of rainfall or irrigation water, varies according to several factors. In 
soils with a low clay content, less than 16 per cent., such caking does 
not usually occur, the surface remaining loose and friable. With a clay 
content between 16 and 30 per cent., moderate showers tend to compact 
the soil, under temperate climatic conditions, and it will remain so 
compacted for a period of days. When the clay percentage is high, more 
violent water pressure is necessary, in the form of heavier rain showers 
or heavier irrigation waterings, and the duration of the crusted condition 
is shorter. Under conditions of high sun temperature, low humidity and 
consequently high smdace evaporation, soils of high clay content do not 
remain compacted long but tend to dry rapidly, to shrink greatly, and 
to become fissured with large cracks. 

The tendency of clay loams of humid, high rainfall areas to undergo 
surface caking may be of course reduced considerably by tillage, by the 
presence of calcium carbonate or calcium sulphate or humus in the soil, 
and by surface vegetation, so that, on the whole such areas afford favour- 
able conditions for the endemic presence of sod pupating Th 3 rsanoptera 
and for epidemic attack during periods of long intervals between rainfall 
showers. 

On the other hand, in arid or semi-arid areas, the tendency of the 
heavy clay, calcareous soils, to show surface pulverulence and so afford 
'favourable thrip conditions, is offset by the almost invariable presence 
in such soils of sodium or potassium carbonate which, even in low 
percentage, favours soil compaction. Further, the native flora tends 
towards thickness of epidermis and so is antagonistic to thrip attack. 
That is to say, such areas are not favourable to the multiplication of 
Thysanoptera. 

Scientific large scale cultivation of arid or semi-arid soils, such as 
occurs to-day in the Sudan, the south-west United States, Mesopotamia, 
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north-west India, and elsewhere, is a comparatively modem practice. 
Improved methods of tillage, of drainage, of deep furrow irrigation, of 
gypsum addition, and so forth, can neutralise the action of alkaline 
salts to some extent, and can enable the production of crops which under 
primitive conditions of agriculture would not tolerate such soils, such 
crops for example as long staple varieties of cotton, cruciferous crops, 
leguminous crops such as alfalfa {Medicago saliva), the latter plant a 
notoriously favourite food plant of thrip species in many parts of the 
world. That is to say, modern agricultural conditions tend to make 
semi-arid areas favourable for Thysanoptera, and if an adaptable species 
should become introduced into such an area, the tendency would be for 
it to become well established, to become endemic as regards damage, 
and severely so. The weight of water supply necessitated in such areas, 
owing to the high degree of surface evaporation, does of course tend to 
promote surface caking and so possibly to oppose thrip multiplication, 
but the value of this is offset by the long intervals between waterings, 
by tillage and by furrow irrigation in which the crests of the ridges are 
untouched by water and hence remain powdery. Such agricultural 
practices however are unavoidable in the case of the cotton plant, since 
the effect upon yield, induced by the lower degree and later appearance 
of flowering, and by lower boll production, which more frequent watering 
or tillage neglect would produce, would outweigh any possible advantages 
resultant from thrip production. 

In conclusion, I must acknowledge my great indebtedness, for re- 
search facilities and for information, to the following: the Empire Cotton 
Growing Corporation, the Sudan Plantations Syndicate, Mr H. King, 
Mr H. W. Bedford and Mr Johnston of the Sudan Government 
Entomological Service, Mr Walley of the Gezira Research Farm, 
Mr C. B. Williams of the Egyptian Entomological Service, Mr Nichol 
of the Arizona Entomological Service, the staff of the Botanical 
Department of this University, Mr H. Britten of the Manchester 
Museum. 


Summary. 

1. Experiments concerning the degree of infestation of Thrips tabaci 
upon cotton plants under glasshouse conditions suggest that the infes* 
talion factor, or number of thrip stages per 100 sq. cm. of foliage surface, 
varies inversely with the weight of water supplied. 
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2. Plants receiving excessive water supply have a lower infestation 
factor and a lower number of thrip stages per leaf as compared with 
plants receiving sufficiency of water supply; plants receiving insufficient 
water supply have a greater infestation factor than plants receiving 
sufficiency of water supply but have not necessarily a greater number of 
thrip stages per leaf; owing to their smaller foliage area however they 
suffer more from thrip attack. 

>3. Irrigation is more effective in influencing the degree of thrip 
infestation than is rainfall. 

4. Irrigation on a flat soil surface is more effective than irrigation on 
a furrowed soil surface. 

5. The effect of excessive water supply does not appear to be due to 
mechanical removal of thrips stages from the foliage, nor an injurious 
effect of soil moisture or atmospheric moisture upon thrips stages, nor 
alteration of the osmotic concentration of cell sap, although all three 
factors may operate slightly. 

6. It is suggested that one factor concerned is the influence of heavy 
water supply upon the texture of certain soils, in promoting surface 
caking which will act inimically to soil pupating species of Thysanoptera. 
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THE BIOLOGY OP THYSANOPTERA WITH 
REFERENCE TO THE COTTON PLANT 

2. THE RELATION BETWEEN TEMPERATURE AND LIFE 
CYCLE IN A SATURATED ATMOSPHERE 

BY ELSIE L MacGILL, M.Sc. 

( U niversity of Manchester. ) 

(With 3 Text-figures.) 

As indicated already in the first part of this paper, a correlation between 
the degree of infestation of a plant species by a thrip species, and the 
weight of water supply that the plant receives, is suggested by the results 
of experiments with Thrips tabcun Lind, infesting cotton plants under 
glasshouse conditions. 

Under such conditions, the mean relative humidity throughout the 
experiments cannot be controlled so readily as can the mean temperature, 
and where water supply experiments are being carried out, the mean 
relative humidity may approach saturation. In this respect, of course, 
the environment of plant and insect will resemble that which prevails 
in the field immediately after heavy rainfall or heavy irrigation. It is 
therefore of some interest and importance to know the extent to which 
the metabolic processes of the insect are influenced by such high condi- 
tions of relative humidity, and particularly to establish the temperatures 
at which metabolism will be at its optimum, in so far as is indicated by 
the duration of life cycle stages, and by the percentage of transformations 
from one stage to the next. 

The data put forward here is derived from experiments carried out 
imder glasshouse conditions arranged, so far as possible, to simulate 
field conditions, and imder laboratory conditions of constant tempera- 
tures and constant relative humidity percentages. 

Of the laboratory data, however, only those obtained at a relative 
humidity of 100 per cent, will be discussed here. 

The suitability of Thrips tahad for these experiments has already 
been indicated. It may be stated briefly that this species is one of the 
most cosmopolitan species of Thysanoptera, having been recorded from 
Albania, Austria, Australia, Bermuda, Bessarabia, Bohemia, Dalmatia, 
England, Florida, France, Germany, Hawaii, Heligoland, Hungary, 
India, Italy, Java, North America, Russia, Sweden. 




Fig. 1. Mean temperatores and humidities for Manchester (glasshouse) and the 

Sudan (Qezira). 
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That is to say, it is a species whose geographical range is not narrowly 
limited by climatic temperatures. It is further one of the most omni- 
vorous of Thysanoptera, having been recorded from a very wide range of 
unrelated plants. It attacks cotton plants with avidity, producing 
lesions almost indistinguishable from those caused by the closely related 
ThripsjUivus of Turkestan, and from those caused by Hdiothrips indictts 
in the Sudan. Finally, it is particularly a species which occurs in the 
form of sporadic and severe epidemics. 

In the glasshouse, the daily temperatures and relative humidities 
were recorded during the period May to October on a thermo-hydrograph. 
The mean weekly values are indicated in Pig. 1, and, for comparison, 
there are given the weekly mean temperatures and relative humidities 
for the Gezira district of the Sudan — an area where Heliothnps indicus 
is severely endemic upon cotton — ^for the period August to January, 
during which the thrips is active. As comparison between the respective 
curves will show, the chief difference between the two stations relates 
to humidity. Whereas the glasshouse humidity did not vary greatly 
around a mean of 84*5 per cent., the Gezira mean humidity fluctuates 
from a high value at the beginning of the season to a low value towards 
the end of the season. 

On the other hand, the curve of Gezira temperatures is much more 
uniform than that of the glasshouse temperatures. 

The appearance and disappearance of Thrips tabad in the glasshouse 
are dependent upon temperature conditions. The appearance of Helio- 
thrips ifidicus in cotton in the Sudan would seem, according to Bedford 
(1921) to be influenced by humidity conditions, the insect remaining on 
the cotton plant only so long as the relative humidity is low. 

The life cycle stages. 

As is usually the case in Terebrantian thrip species, the life cycle 
comprises egg stage, first stage larva, second stage larva, prepupa, pupa 
and imago. 

The morphology of these stages in the case of Thrips tabad has been fully 
dealt with by Van Eecke (1922) and need not therefore be discussed here. 

The following points however deserve to be briefly noted. The first 
point concerns the variability in colour of the adults and larvae. Second 
stage larvae vary in colour from milk white to orange yellow. Adults 
vary from light yellow to brownish black. These colour variations occur 
irrespective of the mean temperature or the mean humidity at which 
rearing is carried out, and there can be little doubt that they are not 
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associated with differences of temperature and Humidity. In the case 
of the genus Hdiothrips whose species habitually, in the adult stage, 
roam about on the surface of foliage exposed to tropical sunlight, the 
adult colouration is usually brown or black, but in the case of Thrips 
tabaci, although at times adults occur numerously on the upper surface 
of cotton leaves, careful observation did not support the possibility 
that dark coloured individuals tend to frequent the upper surface of 
leaves more than light coloured ones do. 

The second point concerns the proportion of male to female indivi- 
duals. The male of Thrips tabaci has been described by Hin ds (1903) 
and by Van Eecke (1922) and is stated to be similar morphologically to 
the female, but smaller in size. In the present case, nearly 3000 individuals 
of the adult stage, collected at intervals throughout the summer of 
1926, were examined without a single male individual being found. 
Possibly males are produced towards autumn, but reproduction through- 
out the summer must have been parthenogenetic. 

Life cycle in thefidd. 

The ovaries of Thrips tabaci consist of four tubules on each side; the 
tubules are short and panoistic. 

The mature egg is bean shaped and is approximately 200 /i in length 
by 100 p. in breadth. The immature egg is small and the large nucleus 
is clearly visible, but as the egg matures it becomes heavily laden with 
yolk which obscures the internal structure. The yolk appears to consist 
of a mass of globules and is clearly visible through the chorion. 

The eggs are laid singly, scattered over the under surface of the leaf, 
but imbedded in the mesophyll tissue. The process of egg laying is a 
loi^ one as the ovipositor is inserted deeply in the leaf tissue. In one 
case, a female took at least 15 rain, to deposit a single egg, and this 
thrips was not observed until after the ovipositor had been inserted. 
The eggs can be distinguished under a binocular microscope as translucent 
spots, especially if a leaf is dehydrated and soaked in oil of cloves; if 
the embryo is well advanced, the e^ can be detected as a small projection 
of the leaf surface. The newly laid egg does not differ greatly from the 
mature ovarian egg but is slightly larger; during embryonic development, 
however, the egg loses its bean-like shape and becomes oval; the embrjro 
can be seen through the chorion and as the time of hatching approaches, 
the red larval eyes become conspicuous. 

The number of eggs laid by one female is probably not great. Hinds 
(1903) gives the number in the case of Anaphodtrips as being 50 to 60, 
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and states that from 30 to 40 per cent, of these hatch. In Tkripa tabaci, 
the niunber of eggs laid by one female is possibly about the same as with 
AnaphothripSf since 10 to 20 larvae are obtainable from an individual 
female. 

In the glasshouse, at a mean temperature of 19^ C. and a mean 
relative humidity of 84*5 per cent., the duration of the egg stage between 
ovjposition and hatching averages 8 days. The larva forces its way 
head first out of the egg and through the slit made in the leaf surface by 
the ovipositor of the adult. It is approximately 0-37 mm. long, the 
colour is translucent white, and head and appendages are very large in 
proportion to the rest of the body. The larvae are at first somewhat 
gregarious in habit, and feed clustered together, generally in the shelter 
of the somewhat protruberant leaf veins; as they become older and 
larger, they scatter over the leaf surface in search of fresh food, but do 
not seem capable of migrating from one leaf to another. 

The age at which the first moult occurs seems to vary considerably, and 
the larva may be comparatively large before it reaches the second stage. 

The second stage larva is approximately 0*9 mm. long, almost as 
large as the adult; the colour varies from pale to deep yellow; head and 
appendages are only a little larger than those of the newly hatched larva. 

Under the conditions of temperature and humidity stated above, the 
two larval stages last, together, between 10 and 14 days. 

Full-fed larvae as a rule leave the plant, but whether by migration 
down the stem or by simply falling from the leaf, is not definitely settled. 
They bury themselves in the surface soil, moult and become prepupae. 
Exceptionally, the prepupa is found on the leaf, sometimes in empty 
cocoons of a speciea of Aphidius. 

The prepupa is similar in size to the second stage larva. It does not 
feed but is capable of movement, although not inclined to move from 
place to place unless distrubed. The duration of this stage is short, 
between I and 2 days in this case. 

The pupa is similar in habits to the prepupa but its duration is 
longer, lasting between 4 and 7 days. 

Thus the life-cycle between oviposition and imaginal emergence under 
the glasshouse conditions described is 23-31 days; later in the summer, 
with a mean temperature of 16® C., the life-cycle is at least 36 da 3 rB. 

The number of generations between May and October in the glasshouse 
was seven. 

The observations of other workers concerning the life-cycle of Thrips 
tabad may be tabulated as follow; 

Ann. BioL xxv ^ 
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Locality 

Observer 

Temp. 

rc.) 


Ist and 2nd 
larval stages 

Holland 

Van Eecke 

? 

7 

8 

Massachusetts 

Hinds 

? 

4-7 

7-8 

(glasshouse) 

Florida 

Quaintanoe 

? 

3M 

7-9 

Iowa 

Horsfall and 

? 

a-10 

7-21 


Fenton 




Manchester 

MacGill 

10 

8 

10-14 

(glasshouse) 


15 

8-11 

16-19 

Prepupa and pupa 


Total 


4 days 

3-4 weeks 



7 

*» 

3-4 



4 


16 days 



4-7 

» 

7 days (nic) to several weeks 


1-2, 4r-7 

ft 

4 weeks 



3-6, 8-12 

»9 

5-6 weeks 




Although no data as to mean temperatures and humidities have 
been given by other observers, it seems clear, from the variance of 
opinion concerning the duration of the several stages, that the total 
length of life-cycle of Thrips tabaci is prolonged or abbreviated by changes 
in temperature and humidity, and that this specie^ is not an insect in 
whose life-cycle a curtailment or a prolongation of one stage can be 
compensated by a corresponding prolongation or curtailment of a 
succeeding stage, and so not an insect whose life-cycle remains constant 
as regards length throughout varying conditions of temperature and 
humidity. 

Life-cycle at constant temperatures, and constant humidity. 

Data concerning the duration of life-cycle stages in a constant 
saturated atmosphere and at constant temperatures, were obtained by 
using a Multiple Temperature Incubator, a simple type of that described 
by Williams (1924). 

This consisted essentially (Fig. 2) of a copper hot-water chamber, 
12 X 12 X 10 in. in dimensions, and a double walled zinc ice box of 
about the same size; the two boxes were connected by a 4 in. diameter 
tube of copper foil, nearly 6 ft. long, whose closed ends protruded each 
into one of the chambers. The temperature of the hot-water chamber 
was kept constantly at 63° C. ; the ice box was replenished daily. 

It must be noted that there was no passage of hot water along the 
tube, but by radiation of heat through the metal tube, a range of tern* 
perature, each constant within the limits of 1° C., was obtained along 
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the tube. In this case, the range of temperatures obtainable was from 
7-50° C. 

Along the tube was drilled a series of holes of 1 J in. diameter, at 
equal intervals, in each of which a corked tube was placed. The copper 
tube with its contained tubes was insulated by being wrapped round 
and round with alternate layers of cotton wadding and asbestos mill- 
board. The hot- water chamber was similarly insulated. Each tube 
contained enough distilled water to ensure a saturated atmosphere and 
was large enough to hold a piece of fresh cotton leaf for the support of 
thrip stages. The particular points of temperature made use of are 
indicated in the figure. 

Fig. 3 indicates the percentage of larvae reaching the prepupal stage, 
the percentage of prepupac reaching the pupal stage, and the percentage 
of pupae rea(‘hing the imaginal stage, at a constant humidity value of 
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Fig. 2. Diagram to indicate dimenstona and temperatures of the multiple temperature 

incubator. 


100 per cent, of saturation, and at a number of temperature points 
between 7 and 47° C. 

It will be noted from the curves that, in the case of larvae and pupae 
particularly, the temperature point at which the greatest percentage of 
individuals transformed into the next stage was 21° C. On either side 
of this temperature point, the percentages drop fairly regularly until, 
at each extreme of the scale, no adults hatched out. 

At this temperature, 36*6 per cent, of larvae became prepupae, 
96 per cent, of prepupae became pupae, and 91 per cent, of pupae 
became imagines. The great discrepancy between the number of larvae 
which failed to transform, and the numbers of prepupae and pupae 
which failed to do so, cannot be altogether attributed to loss during 
manipulation. Such loss did occur. The pieces of leaf in each tube had 
to be changed daily, and the minute stages had to be sought for and 
transferred with a fine brush. The 6 and 9 per cent, losses of prepupae 
and pupae are almost certainly wholly due to loss during mampulation. 
The reason for the fact that at temperatures of 7, 10, 13 and 16° C., 

33—2 




Fig. 3. The peroentages of tianeformationB from one stage to another at dUfering 

temperatures* 
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100 per cent, of prepupae became pupae supports this explanation, since 
at these temperatures so few pupae were obtained, that none were likely 
to be overlooked during transference. 

The 66*6 per cent, loss of larvae cannot be attributed solely to loss 
during transference. Possibly the artificial conditions, absence of soil 
and so forth is the cause of so many larvae failing to transform. On the 
other hand, the occurrence of a high rate of larval mortality in the field 
seems indicated by the ratio of larvae to adults which occurred among 
the thousands of individuals counted during the series of leaf counts 
described in the previous part of this paper. This ratio was, for American 
cotton plants, 9 adults to 16 larvae; for Egyptian cotton plants it was 
2 adults to 6 larvae; for Cajanus indicus it was 4 adults to 10 larvae. 

Thus, in a saturated atmosphere, the percentage of larvae which go 
through to the imaginal stage is not high at any temperature point, but 
reaches its maximum at temperatures approximating to 21° C. At tem- 
peratures between 10 and 38° C., the percentage of prepupae and pupae 
which transform further is probably, excluding losses due to faulty 
experimental technique, absolute. The minimum effective tempera- 
ture is below 7° C. and the maximum effective temperature is above 
38° C. 

The percentage of transformations at other degrees of relative 
humidity will be discussed in a later paper but such data as have already 
been obtained do not suggest that this percentage is higher at lower 
humidities than it is at saturation. 

The larvae used in the incubator experiments were not very young, 
the majority being 3 to 4 days old, so that the duration values for 
larval stages, obtained by this method, are only approximate. At 
temperatures of 21° C. or higher, the maximum duration of a larval 
stage was 9 days, so that the total larval period was 12 to 13 days. At 
temperatures below 21° C., the maximum duration was 16 days, a total 
length of 18 or 19 days. The duration of prepupal and pupal stages 
increases greatly with fall of temperature. Thus: 


Temperature 

° C. 

Average prepupa] 
duration 

Average pupal 
duration 

(days) 

(days) 

38 

1*44 

22 

30 

1*22 

2*3 

27 

20 

4*4 

24 

2-5 

4*0 

21 

20 

3*7 

20 

21 

4*8 

16 

3*1 

8*0 

13 

51 

12*6 
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It will be noted that temperatures below 21° C. appear to have a 
greater effect on the rate of development than do those above this. 

At 38° C., the average prepupal duration is 1*44 days, and at 21° C., 
it is 2*0 days; that is to say, for a difference of 17 degrees of temperature 
there was only 0'66 of a day difference in the length of the stage. On 
the other hand, at 13° C., the average prepupal duration was 5'1 days, 
a difference from that at 21° G. of 3-1 days for a difference of 8° (\ 

Similarly, at 38° C., the pupal stage averaged 2*2 days, at 21° C., it 
averaged 3-7 days, at 13° C. it averaged 12*6 days. That is to say, there 
was a difference of only 1’5 days for 17 degrees of temperature dif- 
ference above 21° C., and of nearly 9 days for the difference of 8-9° 
below 21° C. 

That is to say, as with other biological processes, the rate of prepupal 
and pupal development of Thrips tabad is greater at low temperatiurcs 
than at high temperatures. Between the limits of minimum and maximum 
effective temperature, each degree rise of temperature is correlated with 
a shorter prepupal or pupal duration, but the quantity time by which 
the duration is shortened is not constant for each degree of tempera- 
ture; it is a quantity which gradually diminishes as the temperature 
increases. 

It may be pointed out that the work of Parker, J. B. on Melanoplua 
atlantis, as summarised by Chapman, R. N. (1926), suggests that the 
duration of an insect life-cycle stage, when subjected to a range of 
temperatures varying around a certain mean value, will be shorter than 
when subjected to constant exposime to that temperature value, so that 
life-cycle values obtained in laboratory experiments for constant tem- 
peratures values do not accurately represent life-cycle values at mean 
field temperatures. 

Under laboratory conditions of constant temperature, there is con- 
siderable individual variation as regards the duration of life-cycle stages. 
Thus, at 38° C., although the majority of prepupal Thrips tabad only 
lasted between I and 2 days, three individuals had a duration of 2 days, 
and two individuals had one of 3 days. At 27° C., though most of the 
prepupae transformed after a period of between 1 and 2 days, one 
abnormal insect had a prepupal stage of 8 days. 

At 21° C., about one-half of the prepupae transformed between 

2 and 3 days, but cases of a prepupal stage lasting 3 or 4 days were 
common. At 16° C., whereas the majority of prepupae lasted between 

3 and 4 days, one individual pupated after only 1 day. At 13° G., 
the minimum duration of ■ a prepupal stage was 2 days, and the 
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ma xim u m was 10 days; the majority however went five or more days 
before pupation. 

The pupal stage showed even more variation in length than the 
prepupal one. The shortest time on record was 1 day, and a few in- 
dividuals with this very brief pupal stage were found at all temperatures 
between 27® and 38® C. ; no pupal stage lasted a shorter time than 3 days 
at 24® C., but at 21° C. there was one 1 day pupa, and several 2 day 
pupae. The longest pupal stage at temperatures above 21® was 10 days 
at 27®, and it is interesting to note that the longest prepupal stage, in 
a different individual, for hyper-optimum temperatures, also occurred 
at this temperature. Below 21®, the length of the pupal stage increased 
rapidly with fall of temperature ; at 20® there was one 2 day pupa, but the 
majority lasted 5 or 0 daya; at 13®, a length of 17 days was recorded 
for one pupa. 

Thus, although the rate of development in Thrips tabad tends to 
increase with rise of temperature, there is considerable individual 
variation. 

In the list of acknowledgments already given in the previous part 
of this paper, I would stress particularly the names of Mr H. Britten for 
help in the identification of various insect species, and Mr V. P, Walley, 
Chief Inspector of the Gezira Research Farm, Sudan, for information 
concerning meteorological data for that locality. 


Summary. 

1. The life-cycle of Thrips tabad from oviposition to imaginal 
emergence, on cotton plants, imder conditions of temperature varying 
between a mean maximum of 26*7® C. and a mean minimum of 11‘25® C., 
and of relative humidity varying between a mean maximum of 92*4 
per cent, and a mean minimum of 74-7 per cent., has a duration of 
23-31 days, comprising an egg stage of 8 days, two larval stages with 
a combined duration of 10 to 14 days, a prepupal stage of 1 to 2 days 
and a pupal stage of 4 to 7 days. 

2. Under laboratory conditions, in a constant saturated atmosphere, 
the percentage of larvae which transform into prepupae is not high at 
any temperature but reaches a maximum of 33*4 per cent, at tempera- 
tures near 21® C. The minimum effective temperature is below 7® and 
the mRyimnm effective temperature is above 38®. 

3. The high larval mortality is not wholly due to faulty technique, 
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nor to the saturated atmosphere, nor to the artificial oonditionB. A 
similar high rate of mortaliiy is believed to occur under field conditions. 

4. The percentages of prepupae and pupae which transform we high 
at all temperatures between the minimum and maximum effective points, 
and would probably be absolute under conditions of perfect technique. 

6. The length of the life-cycle is decreased by increase of temperature. 
The average times of devdopment plotted against temperature give, 
with minor corrections, an hyperbola similar to the developmental curves 
given by Erogh. 
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THE BIOLOGY OP THYSANOPTERA WITH 
REFERENCE TO THE COTTON PLANT 

3. THE RELATION BETWEEN FEEDING HABITS AND 
PLANT LESIONS 

By ROBERT A. WARDLE, M.Sc. and ROBERT SIMPSON, M.Sc. 

( U niversUy of Manchester. ) 

(With 8 Text-figures.) 

The part played by the mouthpart compoaents of Thysanoptera, and 
in particular of foliage feeding Terebrantia, in producing the character- 
istic lesions shown by an attacked plant, and the histological nature of 
the lesions, are points concerning which a certain vagueness appears to 
exist among students of the group. 

Despite the fact that the foliage lesions produced by different species 
of thrips do not differ greatly in type, and that there is little difference 
between the mouthparts of different Terebrantian species, somewhat 
varying explanations have been put forward. 

Thus the thrips has been stated to puncture the tissues and drain 
the contents of the cells, causing the cell walls to collapse (Horton, J. R. 
1921, re Sdrtothrips dtri. Moul.); to pierce the epidermis and ra^p away 
the leaf tissues within (Russell, H. M. 1912, re Hdiothrips rvbrodnctus 
Giard.) ; to rasp the leaf tissues and suck up the sap as it exudes (Bedford, 
H. W. 1921, re Hdiothrips indicus Bagn.); to pierce the vegetable tissue 
with its stylets and suck up the liberated plant juices (Cameron, A. £. 
and Treherne, R. C. 1918, re Taeniothrips inconsequens Uzel). 

The experiments and observations recorded in this paper were carried 
out with Thrips tabad under glasshouse conditions. The suitability of 
this species for experiments, the chief features of its life-cycle, and the 
degree to which it may infest the cotton plant, have already been dis- 
cussed in previous papers. The plants used as host plants were cotton 
{Qossypium sp.), Cajanus indieus (pigeon pea, ads Sudani), DoUohoa 
Idbiab (field beans, lubia), Hibiscus esctdentus (bamia) and Oalotropis 
prooera (Sodom’s Apple, ushr), all grown from seed obtained in tiie cotton 
growing districts of the Sudan. 
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The varieties of cotton plant used were two Egyptian varieties 
Sakellarides and Maarad, two long staple American Upland varieties 
namely Webber and Cleveland Big Boll, and an unidentified short 
staple variety of Indian cotton. 

Of these plants, the most susceptible of the cotton varieties was the 
Indian; then came Webber, which had, throughout the season, a mean 
degree of infestation approximating to 9 adults or to 16 larvae per 
100 sq. cm. of leaf surface. Cleveland was less susceptible than Webber. 
The Egyptian varieties were less susceptible still, the mean numbers of 
adults and larvae per 100 sq. cm. of leaf surface, throughout the summer, 
being approximately two and six respectively. 

Of the other plants, Hibiscm eseulentus was almost unattacked. The 
leaves of this plant are very hairy and the lower surface of the leaf is 
covered with minute spherical exudations of numerous glands. Dolichos 
Utblcib was liable to slight attack when young. CahAropis procera, the 
poisonous ushr of the North African deserts, was also attacked only 
when young. Cajanus indicus, a plant that is not attacked in the Sudan 
by Hdiothripa indicus and is used as a protective hedge along the wind- 
ward edges of the cotton fields, was attacked freely by Thrips tabad, 
the mean numbers of adults and larvae per 100 sq. cm. of leaf surface, 
throughout the period, being approximately four and ten respectively. 

The parts of the plant attacked. 

In the case of cotton plants, Thrips tabad infests the lower surface 
of the leaves particularly. Both adults and larvae are negatively photo- 
tropic and oviposition occurs almost invariably in the tissues of the lower 
surface of the leaf. The adults are slightly migratory but larvae do not 
leave the leaf they are born on, imtil they make their geotropic migra- 
tion to pupate in the soil. When the lower surface of a leaf has been 
severely damaged and is crowded with thrip stages, some adults and 
larvae will migrate on to the upper surface, especially when the leaf is 
shaded by others, or when the sky is cloudy, or possibly in the night. 
Such upper surface individuals, however, are always very restless. 

The preference shown for the lower surface of foliage is probably 
concerned with differences in epidermal thickness, between the two 
surfaces, rather than a question of phototropism. In cotton leaves, the 
difference is slight so that larvae can feed on the upper surface, but the 
habit has become established as an adaptation to other food plants in 
which this difference is more pronounced. 

In the case of Ciyanus, the usual feeding surface is the upper one. 
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but again thrips will occur on the other surface when crowded off the 
upper one. Cajanus is a somewhat bush 7 plant and the thrips frequent 
chiefly the lower, well-shaded leaves. 

Only the leaves of the cotton plant are attacked as a rule; the bracts 
surrounding the boll are attacked in a few cases, and exceptionally, the 
bolls themselves are attacked. On American plants, the favourite 
situation of feeding adults and larvae is the area where the petiole joins 
the leaf. On Egyptian plants, the leaf edges, the area along the main 
veins, and the area around the marginal indentations, are all equally 
favoured. Both adults and larvae show a tendency to keep in the shade 
of the prominent veins. 

Larvae occur in greater numbers on the lower, older leaves; adults 
are most numerous on the upper, younger leaves. Very rusty and par- 
tially withered leaves, and very young leaves, are usually free from thrips. 
The explanation of the latter fact is probably that such young leaves aire 
put forth near the tip of the plant, and as infestation proceeds upwards 
and a normal thrip life-cycle is 3 to 4 weeks, such leaves have had 
time to grow considerably before the adults spread upwards to them. 
In severely attacked plants, where much leaf shedding has occurred, 
young leaves are produced low down on the stem and are then quite 
freely attacked. 


The moathparts. 

The mouthparts of various other species of Terebrantian thrips have 
been described in detail by numerous workers, notably by Jordan (1888), 
Qarman (1890), Bohls (1891), Buffa (1898), Borden (1915), Peterson 
(1915), Reyne (1926), and as a careful examination of the mouthparts 
of Thrips tabaci has not disclosed the existence of any fundamental 
points of difference between this species and those described by the 
workers listed above, it will be sufficient here to limit description to 
certain features whose understanding is necessary to the explanation of 
the mode of operation of the mouthparts. 

The mouthparts are bent backwards underneath the head and form 
a short conical proboscis or movthcone (Figs. 1 and 8). This cone is 
directed at an angle of 45 degrees to the longitudinal axis of the body. 
The bront of the cone is composed of a dypeus and ktbrum separated some- 
what from one another by a membrane. Both dypeus and labrum are 
asymmetrical. Their shape and component sclerites are shown in Fig. 1. 
Each aide of the mouthcone is formed by a triangular structure generally 





R. A. Wardlb and R. Simpson 517 

regarded as the galeal portion of the maxilla since it carries a three- 
jointed palp (Fig. 3). 

The rear wall of the cone is constituted by the t ri an g ul a r labium, 
whose appearance is shown in Fig. 2, bearing near its tip a pair of two- 
jomted palps. The labium is longer than the labrum and maxillae, and 
projects beyond them as a flexible, somewhat fleshy flap. It may be 
noted that the tips of the maxillae and of the labium are provided with 



Rg. 3. Left maxilla of Thrtpa iabaci, 
X 1600. Qa., galea; Lo., lacinia; 
Pip,, palp. 


Fig. 4. Mandible of Thripa tabaci, x 1600. 


hooks, possibly in order that this part of the mouthcone rim can grip 
closely the leaf surface. 

The actual piercing organs comprise four stylets or lancets, the 
faired styleU, the median stylet, and the left stylet. 

There is considerable controversy as to the homologies of these 
stylets. With this controversy we are not concerned. It is sufficient here 

to adopt the view of Reyne, the most recent investigator, and regard 
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tile paired stylets as maxillary laciniae, tlie median one as the hypo- 
pharynx, and the left one as the mandible. 

The shape and dimensions of these stylets may be gathered from the 
figures. 

The method of using these stylets will be discussed later. 

The morphological appearance of the plant lesions. 

The gradual changes in the appearance of a leaf which has been 
attacked by Thripa labaci may for convenience be separated into four 
stages (Fig. 5). 

Stage 1. The under surface of the leaf shows a number of tiny, 
scattered areas which have a varnished, shining appearance, as if drops 
of gum arabic had coagulated on the leaf. No epidermal damage is 
apparent even under the microscope but each patch has a frothy, 
blistered appearance with interference colours. The glistening appear- 
ance is not due to a deposit on the cuticle as it cannot be removed by 
the action of such solvents as alcohol, ether, chloroform or xylol, nor 
by scraping, unless such treatment destroys the epidermis. That is to 
say, the shining patches do not represent a hardened exudation of sap 
or of insect saliva, but are due to cellular change beneath the epidermis. 

Further, the appearance cannot be artificially reproduced by pricking 
or scraping the epidermis, nor by pricking followed by a stay of some 
hours in a vacuum chamber. That is to say, the assertion by Williams 
that, in the case of peas attacked by the Pea Thrips, the “silvering” is 
due to air in the outer cell layers of the plant let in by the sucking of the 
larva, is not wholly true, at any rate for Thrips (abaci. Some other 
cellular change in addition to the entrance of air is required. 

Stage 1 damage is associated particularly with the presence of adults, 
and may occur often on the upper surface of leaves where neither adults 
nor larvae are present. In such cases, however, it is certain that the 
leaf surface has been visited by an adult thrips. 

Stage 2. Within 24-48 hours the patches take on a greenish brown 
colour and become much more conspicuous. 

Stage 3. The brown spots become larger, more scattered over the 
leaf surface, particularly occurring along the course of the main veins. 
With Egyptian plants, these patches are pale brown and more frequently 
found on the upper leaf surface than in the case of American plants. If 
pieces of the damaged leaf at either Stages 2 and 3 be taken, soaked in 
an oxydising agent such as nitric acid plus potassium chlorate, or 
sodium hypochlorite, and, when transparent, transferred to cold water, 
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it is possible to remove the piece of epidemus over the damaged area. 
To such pieces of epidenuis the superficial layer of mesophyll ceOs will 
adhere at the points of damage but not elsewhere. Such pieces can be 
conveniently stained with Bismarck brown. 

Careful examination of such pieces under a high power binocular 
microscope reveals nothing in the nature of punctures, but shows a 
number of gashes in the damaged areas, each gash within the boundaries 
of a single epidermal cell (Fig. 6). 

Around each gash, the epidermal cells are intact but cover a little 
patch of somewhat disorganised mesophyll cells. 

There is little doubt that the brown appearance of the patches in a 
Stage 2 or Stage 3 leaf is due to necrdsis of the more superficial meso- 
phyll layers, and that these brown patches underlie the epidermis. It is 
the lens-like effect of the transparent epidermis overlying a patch of 



Fig. 6. Portion of epidermis from loirer surface of a cotton leaf, to show the appearance 
of a cell gashed by a thrips. x 700. tit., a stoma; Dx., damaged cell. 

shattered mesophyll cells that produces the glistening, colour-fringed 
effect of Stage 1 damage. 

Necrosis is probably a purely mechanical sequel to insect damage, 
and not aided by any toxic salivary secretion. S imilar brown patches 
can be produced, but not glistening patches, by pricking the epidermis 
with a sterile needle. They can be produced by pricking with a sterile 
needle which has been dipped in an infusion of damaged leaves made by 
grinding up such leaves with sterile sand and distilled water. In neither 
case does damage spread beyond the little patch of dead mesophyll cells 
which results in the neighbourhood of the puncture. 

Similar spots produced by an isolated adult are a little larger than 
the artificially produced ones but again do not spread greatly in area, 
whereas, if the salivary secretion of the insect were toxic, one would 
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expect extensive spreading of the damaged spot even after the insect 
had been removed. Actually, only when several insects are allowed to 
roam about the leaf for some time, can one obtain spots sufficiently 
close together to merge into brownish areas. 

In this case, the merging of the spots is aided by a general necrosis 
of the leaf caused by interference with transpiratory and photosyn- 
thetic functions. 

SUige 4. The patches tend to run into one another so that the under 
surface of the leaf becomes uniformly purplish or rusty brown. On 
leaves, the colour is a light brown and the veins are bordered 
by reddish brown patches. The upper surface of the leaf becomes dry, 
harsh and wrinkled. The Stage 4 leaf in fact is with difficulty distin- 
guishable, as regards colour changes, from a normal dying or dead leaf. 
Necrosis however has involved the epidermal cells and these are broken 
and shai)ele88. Thrips occur rarely on Stage 4 leaves. 

The rapidity with which Stage 4 is reached after initial infection, 
depends upon the degree of infestation to which the leaf has been 
subjected. The usual length of time in the case of American leaves was 
ten days. A large number of experiments were made in the confinement 
of known numbers of adults or larvae upon leaves for varying intervals 
of time, upon marked and isolated leaves. The results obtained indicated : 

(a) That one thrips alone can bring about Stage 1 damage. 

(h) That if no further feeding upon the leaf is allowed, the leaf being 
segregated so far as possible by removal of all leaves in its vicinity, 
damage does not proceed beyond Stage 2. 

(c) That only when the attack is cumulative and severe, does the 
leaf assume the appearance of Stages 3 and 4. 

Presumably when only a few cells are tapped, necrosis of the leaf 
does not proceed beyond the damaged points and premature falling of 
the leaf does not occur. If a large number of cells are tapped, hovrever, 
the whole leaf becomes uniformly withered and leaf shedding occurs 
long before the leaf would normally fall. 

It is probable however that different varieties of the cotton plant 
will vary as regards susceptibility to thrip injury. Reyne (1921) states 
that there is great difference in behaviour of food plants with regard 
to the injury caused by the Cacao Thrips (Heliolhrips rubrodnctits); in 
Cacao, Mangifera, Anacardium, necrosis of the feeding marks occurs 
and the leaves are cast; in this case severe damage is done as the trees 
soon become exhausted by accelerated change of leaf; in others (Tcr- 

Ana. Biol, xiv 34 
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minalia, Bixa), the leaf tissue does not die and premature leaf shedding 
does not occur. 

Damage is produced by both adult and larval Thrips tabad. Leaves 
on which only larvae were confined deteriorate much more slowly than 
those upon which adults only are confined. The latter leaves pass rapidly 
into Stage 2 and reach Steige 3 whilst the former leaves are only slowly 
approaching Stage 2. The appearance of the damage produced by adults 
is indistinguishable from that produced by larvae. 

The histology of the lesions. 

Pieces of leaf were fixed in weak Fleming’s solution; fixation was 
carried out in partial vacuo, as described by other workers. The results 
with cotton leaves are not so satisfactory as those obtained by fixation 
with Carnoy’s fluid. 

Sections of thickness 10 p to 12 /a, and 18 /a to 20 /x, were cut; the 
thicker sections were more reliable for purposes of examination. Of a 
large range of stains and combinations of stains used, the most satis- 
factory results were obtained with iron haematoxylin, and with aniline 
blue and cotton red in combination. Bismarck brown was used for 
staining portions of epidermis or cuticle. Sections were cut from three 
classes of material, namely: 

(i) fresh undamaged leaves and normal withered leaves, 

(ii) leaves in the four stages of thrip damage, 

(iii) leaves on which known numbers of thrips had been confined for 
known periods of time. 

The conclusions derived from examination of several thousands of 
such sections may be summarised as follows (Fig. 7) : 

Stcige 1. The epidermis is intact on both sides, except for short 
breaks in the lower epidermis. There is no evidence of punctures such 
as Reyne (1926) claims are visible in the epidermis of leaves of Liberian 
coffee attacked by HeKothrips haemorrhndialis. Below the epidermal 
breaks, and below intact portions of the epidermis, where the section 
has possibly passed to one side of a break, there is slight disorganisation 
of the outermost mesophyll layer, some of whose cells appear to be 
shattered and emptied, and an unusually large number of air spaces. 
The palisade layer is always intact. 

Stage 2. The appearance of this stage is similar to that of Stage 1, 
but cells of the lower epidermis are in places somewhat misshapen. 
Distortion of patches of the outermost mesophyll layer is still more 
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obvious and laz^e spaces occur where the cells are destroyed or emptied 
and more or less shrivelled. 

Stage 3. The whole section has a shrivelled appearance* The meso- 
phyll is so disorganised as to appear almost unrecognisable in places. 
Disorganisation has spread also to the palisade tissue but the upper 
epidermis is still fairly intact. 
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Conclusions concerning relation between the mode of feeding and 
the leaf lesions. 

The following conclusions are based upon close observation of feeding 
adults and larvae, microscope examination of the mouthparts of adult 
and larval stages, and microscopical examination of damaged leaves. 
The method used by some workers when studying the feeding habits of 
Hemipterous insects, of fixing the feeding insect to the leaf by a drop of 
wax and then preparing insect and piece of leaf for section cutting, was 
tried with Thrips taha^A but was found useless. The mouthparts do not 
penetrate suflSciently deeply into the leaf tissues to ensure that the 
insect will remain in position after the wax has become dissolved by the 
fixative. Despite the greatest care in the subsequent technique, it was 
not possible to keep a single specimen in position, although perfectly 
easy to anchor an ovipositing adult by the ovipositor. 

Cotton leaves vary of course in thickness with age, size, variety, 
and water supply. The proportions of the various histological layers to 
one another, however, may be indicated by the following measure- 
ments which represent means of a large number of leaf measurements. 
When the mean thickness of the leaf is 143/x, the upper epidermis 
is 17 ju, the palisade tissue 54 /x, the mesophyll layers G1 /x, the lower 
epidermis 11 /x, respectively. The lower mesophyll layers are somewhat 
loosely packed, a feature w’hich varies considerably in different varieties 
of the cotton plant, and appears also t-o vary according to the intensity 
of light to which the leaf happens to have been subjected. 

On the lower surface occur numerous hairs. There is no evidence that 
the presence of such hairs is repellent to thrips. The spacing between 
the hairs is sufficiently wide to permit such minute insects as Thysan- 
optera to move about freely. In fact the hairy Indian and American 
plants were more infested than were the smoother leaved Egyptian 
plants. It is possible however that the closer spacing of the fine hairs 
on the lower surface of Cajanus leaves is a factor in producing the relative 
freedom of this surface from thrip attack. 

The method of feeding appears to be as follows: 

The mouth cone is applied firmly to the leaf surface, the animal 
sinking somewhat between the anterior legs so that the abdomen is 
tilted upwards. The hooked tips of maxillae and labium grip the leaf 
surface firmly, but since the rear wall of the cone is longer than the fore 
wall, and flexible, a slight rocking movement of the head is still 
possible. The stylets, at any rate the maxillae and the mandible, can 
be protruded apparently through a circular rim at the tip of the labrum. 
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The distance to which they can be protruded is not easy to estimate^ 
since in microscopical preparations there is the possibility that pressure 
on the cone has brought about abnormal length of protrusion. In the 
case of Thrips tabctm, the distance to which the stylets can be protruded 
beyond the labral rim appears to be approximately 11 /a for the mandible, 
and 27 p for the maxillae. Whether the hypopharynx can be protruded 
also is uncertain. Borden claims so, for Heliotkrips ha^emorrhoidalis, and 
possibly such is also the case with Thrips tabdci. 



Fig. 8. Diagram of thr hoatl of a ft^eding thrips to indicate its size relative to the leaf 


tissiifs, and the depth to which maxillae ami mandible aie inserted. 


What exactly occurs, during feeding, within the semi-enclosed chamber 
formed by apposition of the mouth cone to the leaf surface, is difficult 
to follow, but seems to be somewhat as follows. 

The feeding thrips commences to swing the head slightly upwards 
and downwards, the flexibility of the labium permitting this to occur 
without disturbance of the position of maxillae and labium. The rocking 
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movement is made possible by the triangular shape of the head (Fig. 8). 
At each swing upwards, when the thrips is on the lower surface of the 
leaf, as in the figure, the mandible is protruded, at each swing downwards 
it is withdrawn; the insect thus uses the mandible as a man uses a 
pickaxe, and its chief function appears to be that of breaking through 
cuticle and outer epidermal wall. That is to say, it gashes or tears rather 
than pierces. The arc subtended by the angle of swing is limited by the 
degree of flexibility of the labium. It is in any case small, since the gash 
is within the length of an epidermal cell, that is to say within a length 
of 50 /i, although in some oases it may cut across the dividing wall 
between two cells. The protruded mandible will in most cases not be 
long enough to reach the lower wall of the epidermis. When the upper 
surface is broken through, the longer and weaker maxillae come into 
play, the head swings lessen somewhat, and the boundary between 
epidermis and outermost mesophyll layer is broken down. Probably 
the lateral boundary walls of a number of mesophyll cells are broken 
down, since these cells are smaller than those of the epidermis, and a 
number of them will imderlie one epidermal cell. 

There is no evidence that the mouth cone is pushed down into the 
gash thus created, or that it can be pushed down into a stoma and the 
leaf tissues attacked that way. The rocking movements, essential ap- 
parently to the use of the stylets, would be impossible if the cone became 
wedged into a gash or into a stoma. The feeding habits of the insect will 
be determined by the length to which it can protrude its stylets, and the 
epidermal thickness of host plants. The variation in susceptibility of 
individuals in a block of plants of the one variety, ranging as it does 
from very slight injury to severe injury, will arise almost entirely through 
variations in epidermal thickness between leaves of different plants, 
and in variati<His in age and size of the thrip stages on the plants. 

After the gash is made, the head movements cease and the thrip 
remains apparently motionless, absorbed in the effort of sucking inwards 
the chloroplasts of one or more mesophyll cells. The passage of chloro- 
plasts into the pharynx is aided by the partial vacuum created in the 
closely applied mouth cone. Usually, after gashing one epidermal -cell 
and absorbing the contents of the underlying mesophyll cells, the insect 
travels on and gashes another cell further away, following usually the 
course of a veniile. 

At first, the wound shows on the leaf as a glistening spot, the effect 
being due to the lens-like effect of the transparent epidermis over the 
empty patch of mesophyll cells underlying tlie gash. Then, as the patch 
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of mesophyll undergoes necrosis, the spot turns brown. Slight spreading 
of the necrosed spots, and the confluence of a large number of these 
spots, produces the Stage 3 damage. Gradual death of the injured leaf 
brings about the appearance of Stage 4. 

To the list of acknowledgments already given in the first part of 
this paper, we would add the following names: Mr C. C. Brooks for very 
great help in the preparation of thrip mouthparts; Mr Howarth, 
Walton and Mr Sutton of the Botanical Department staff of this Uni- 
versity, and Dr K. Smith of the Agricultural staff, for advice concerning 
botanical technique. 


Summary. 

1. Observations and experiments concerning Thrips tabad on cotton 
and other plants suggest that plant injury from thrip attack is in this 
case due entirely to premature and excessive defoliation, and is dependent 
in extent and severity upon the value of the infestation factor, or number 
of thrip stages per unit area of foliage surface. Differences between plant 
species, plant varieties and plant individuals as regards susceptibility 
to injury arise chiefly through variations in thickness of the epidermal 
cell layer. 

2. Leaf injury consists essentially of necrosis of a patch of meso- 
phyll cells lying immediately below a gash in an epidermal cell. Such 
necrosed patches are scattered and isolated when the infestation factor 
is low, but are confluent and form extensive rusty areas when the in- 
festation is high. Such areas consist of dead cells of the superficial meso- 
phyll layers; the deeper layers, palisade tissue and epidermal layers 
remain intact, except for the initial gashes made in epidermal cells. In 
later stages of leaf injury, such necrosis involves the whole leaf, all the 
layers become disorganised, and premature shedding occurs. There is 
no evidence that the insect salivary secretion is toxic. 

3. The insect does not puncture or rasp the epidermis but gashes an 
epidermal cell by pickaxe-like movements of the single mandible, induced 
by a slight rocking movement of the head. In most cases, the mandible 
can only gash the outer epidermal wall, the inner wall and the lateral 
walls of the mesophyll cells being broken down by similar movements 
of the longer protruded maxillary laciuiae. There is no evidence of 
attack through the stomata. Suction of the chloroplasts into the pharynx 
is aided probably by the partial vacuum established within the mouth 
cone when applied closely to the leaf surface. 
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4. The preference shown by thrip stages for the lower surface of 
leaves is believed to be due rather to differences in thickness of epidermis 
between the lower surface and the upper surface, than to negative 
phototropism. In plants where such differences are slight, such as cotton 
plants, thrip stages readily invade the upper leaf surface. On Cajanus 
indicus^ the upper surface is the more favoured, the lower surface being 
unsuitable owing to the close spacing of numerous line hairs. The more 
widely spaced hairs on cotton leaves do not act as a deterrent, the hairy 
American and Indian varieties being more heavily attacked than the 
smoother leaved Egyptian varieties of cotton. 
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PROCEEDINGS OF THE ASSOCIATION OF 
ECONOMIC BIOLOGISTS 

Ordinary meeting held at 2.30 p.m. on May 13th, 1927, in the Imperial 
College of Science. The President, Mr J. C. P. Fryer, M.A., in the Chair. 

DISCUSSION ON PLANT ALKALOIDS. 

I. “The Principal Plants yielding Alkaloids'* by Lieut.>Colonel A. T. Gagb, 

lately Director, Botanical Survey of India, and Superintendent, Royal Botanic 
Oardeits, Calcutta. 

II. “ The Biochemistry of the Alkaloids ” by Dr T. A. Henry, Director, The Wellcome 
Chemical Research Laboratories. 

HI. “The Medical AB})ects of the Alkaloids'* by Dr J. Tbbvan, The Wellcome 
Physiological Research Laboratories. 

IV. General Discussion — Mr Fryer, Dr Petuybridge, Mr Howks, Dr Henry, 
Dr Tkevan. 

I. THE PRINCIPAL PLANl'S YIELDING ALKALOIDS. 

By Liout.-Colonel A. T. Gage, C.I.E., M.A., M.B., B.Sc. 

(Late Director^ Botanicul Survey of India, and SwperinleudetU, 

Royal Botanic Gardens, Calcutta,) 

Major Ciiipp in his letter in which he conveyed his honourable invitation for me to 
take part in this alkaloidal symposium had the following remark: “We should not 
trespass on your time for more than twenty minutes.** In this there was an obvious 
transposition of the pronouns, for he should have written “You should not trespass 
on our time for more than twenty minutes.'* Anyhow I hope I shall not much exceed 
that limit. 

Fortunately for you and me I am not called upon to say anything about alkaloids 
themselves. 1 am merely the showman pointing to the pictures with more or less 
appropriate patter, to whet your appetite for the real performance, when Drs Henry 
and Trevan put their trained troupe of alkaloids through their paces. 

I may just confide in you my personal impression of the rarity of alkaloids in their 
unadorned beauty. We consume incredible quantities of tea, cofltee and tobacco, but 
how many of us have ever seen Caffeine or Nicotine. For half of every year for many 
years 1 lived amidst miles of Tea and Cinchona plants, but only on one occasion have 
I been introduced to Caffeine and Quinine, when the Government Quinologist showed 
me two phials, one of which, he said, contained Caffeine from tea-prunings and the 
other Quinine. I inspected them with the reverential care they seemed to call for 
and handed them back to him. Sinoe then I have seen no other. 

As within the time at our disposal only a limited number of the regiment of 
alkaloid-yielding plants can be inspected, the selection of those to file past leaves 
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room for difforenoe of opinion according as to whether the arranger of the inspection 
is an economic biologist, a pure chemist, a pharmacologist, a physiologist, a phy- 
sician, a grocer, a tobacconist or an artist in poisoning. 

Although it is possible that not all of these are represented here, there is probably 
enough of different interests to make the selection somewhat of a problem. Being 
unfortunately precluded from adopting one of the bright modem methods of simul- 
taneously raising money and gaining information by inviting you to participate on 
the usual terms in an ''Alkaloid Ballot,** 1 have fallen back upon a method of the 
B.B.C. who occasionally broadcast a programme arranged by an outsider acceding 
to his individual taste. So as one who is, or rather was, a mere systematic botanist, I 
have made out my own list with an equitable disregard of everyone else's interest. 
The question of the relative importance of alkaloids is as far as 1 am concerned evaded 
by passing the plants along in the order of the natural families to which they belong. 
At the risk of trespassing on Dr Henry*8 province, it may be mentioned here that 
when, as the slides are passing along, only one alkaloid is mentioned in connection 
with a {^nt it is not to be inferred that the plant contains no others. Further, when 
roots, seeds, bark or other parts are mentioned as the source of alkaloids, it means 
merely that tbo alkaloids are usually or most conveniently extracted from such parts. 
Finally such expressions as root or seed or bark and suchlike are extremely crude 
indications of how the protoplasm of a plant disposes of the alkaloids it produces 
in the course of its metabolism. 

Lantern slides were then shown of the following plants, the lecturer commenting 
upon each. 

1. AOONITUM NAPELLUS L. (Kanunculaceae), the familiar Monkshood of our 
gardens, is taken as the representative of a genus widely distributed over the Northern 
Temperate Zone. Most of the species store alkaloids, chiefly in the root, and several 
of these alkaloids are very poisonous. The typical alkaloid is Aconitine. 

2. BERBS1U8 ARISTATA DC. (Berberidaceac) is a spiny evergreen shrub, a native 
of the Himalayas and the hills of Southern India and Ceylon and cultivated in this 
country as an ornamental shrub. The thin brittle root- bark more particularly 3 rie]ds 
Berherin, an alkaloid that occurs in a considerable number of other species, some 
belonging to the same genus, and others to different families. 

3 . FAPAVEB soMBiFEBUM L. ( Papaveraceao), the opium poppy, is probably a 
native of S.E. Europe and Asia Minor, but cultivated in Asia Minor, Persia, India 
still to a small extent, and China. The milky juice, which is collected by incising the 
capsules, is a fount of different alkaloids, over a dozen occurring in the stream. The 
chief one is of course Morphine. 

4. CAHELLIA THSA (Temstroemiaceac). The tea plant is native to Assam' and 
extensively cultivated in that province, the Eastern Himalayas, Southern India, 
Ceylon, Java, China and elsewhere in the Tropics and Sub-tropics. It contains the 
most widely consumed of all alkaloids in the form of caffeine, which is usually extracted 
from the leaves. 

5. THXOBBOMA CACAO L. (Sterouliaceae). The cocoa plant is a small tree, a native 
of the northern parts of South America and up to as far north as Mexico. Extensively 
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cultivated in the tropics. The alkaloid Theobromine is the substance in the seeds 
which, along with the concrete oil, gives the flavour to the beverages that Linnaeus 
considered such divine liquors tliat he called the genus Thcobroma, the Food of the 
Gods. 


0. KEYTHUOXYLON COCA Lamk. (Linoccae), the source of Cbcainc, is a shrub 
extensively cultivated in the northern Andos and also in Brazil and other South 
American countries. The alkaloid that is extracted from the loaves reminds me that 
1 might have included detectives in the list of the interested ones, as it is probably 
better known by repute than any other alkaloid to the ordinary man from its asso- 
ciation with Sherlock Holmes in literature and Scotland Yard in newspaper reports 
of the activities of “snow” smugglers. 

7. PILOCARPUS PiNNATiFOLius Lemaiio (Rutaceae), from the leaves of which the 
alkaloid Pilocarpine is obtained, is a shrub of Brazil. The leaves are compound, a 
foot or more long, with 2-5 pairs of 3-4 in. long leaflets and a terminal one. The 
inflorescence of long spiclform erect racemes, Ixjaring numerous shortly pedicelled 
small reddish purple flowers. 

8. PH YsosTioMA VENENosuM Btilf. Calabar l^an. A large leguminous climber, 
a native of Old Calabar, but introduced into Brazil and India. The seeds contain the 
well-known alkaloid Physostigminc or Escrine, very xx>isonous. 

9. coNiUM MAOULATUM L. (Umbellifcrao). Hemlock. This herb has a wide 
distribution throughout Europe to temperate Asia and North Africa and has been 
introduced into both North and South America. 

The species harlK>urs several alkaloids. In poisonous doses the mind remains 
unaffected to the last, the classical instance of this being the death of Socrates as 
related so movingly by Plato in the Phaedo. 

10. CINCHONA LEOGERiANA, c. OFFICINALIS and c. succiBUBBA (Rubiaceao). 
Trc'os native to the eastern side of the Andes and introduced some 60 years ago into 
Java and India. They contain several alkaloids, the most important from the com- 
mercial and medical |)oint of view being Quinine. The most important species is 
C. Ledgeria^ui, by far the most extensively cultivated. 

11. coFFiBA ABABICA and Other species (Rubiaceae). A shrub or small tree native 
1*0 tropical Africa, but widely cultivated in the tropics. The characteristic alkaloid 
obtained from the seeds is Caffeine, which occurs also in Tea, Paraguay Tea {Ilex 
paraguayeneis), Kola and other species, 

12. PSYCHOTBIA IPECACUANHA (Rubiaccae). A small shrub, a native of the tro- 
pical forests of Brazil, but cultivated in other parts of the tropics. It is cultivated to 
a small extent in India and still more in the Malay Peninsula. 

Emetine, the alkaloid so useful in one form of dysentery, is contained chiefly in 
the root bark. 

13. 8TEYCHN08 NUX VOMICA L. (Loganiaoeae). A moderate sized tree, native to 
India, Ceylon, Burma, Cocliin-China and parts of the Malay Archipelago. 

The seeds yield several alkaloids, the chief being Strychnine. Taste is very bitter. 

CUBABIKK got from other species of Strychnos. 
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14. NiconANA TABAOUM L. (Solanaoeae). A coarse annual. Probably a native 
of Central or South America. 

The leaf alkalohl is a volatile liquid. Nicotine. 

15. DATUBA STRAMONIUM L. (Solanaceao). A coarse weedy annual. Spread 
throughout the world. Daturine from the leaves and seeds. Akin to Atropine. 

16. ATBOPA BiCLLAUONNA L. (Solanaceae). A large bushy herb. Central and 
Southern Europe, South-west Asia and North Africa. 

ATROPINE from the roots and leaves. Crystalline. 

17. HYOSOYAMUS NIGER L. (Solanaoeae). An annual or biennial herb. Temperate 
Europe and Asia. Introduced into America. 

Hyoscyamino from the seeds and leaves. 


II. THE BIO-CHEMISTRY OF ALKALOIDS. 

By T. a. Henry, D.Sc. (London). 

{Direciof Welkrime Chemical Research Ijaboratories,) 

The first clearly defined alkaloid — morphine — was isolated in 1817, so that over a 
century has elapsed since the interest of chemists in thesis products was first evoked. 
During that period hundreds of new* alkaloids have been discovered and de8<*ribed, 
and great progress has been made in the deie^rmination *of their intimate structure. 
The precision which has been reached in some bnmehes of work of this kind may be 
gauged from the fact that last year conclusive proof of the constitution of the rare 
opium alkaloid, codamine, was furnished by Prof. E. SpAth of Vienna by the use of 
only 0*2 gm. of the original specimen of this alkaloid isolated from opium by (). Hesse 
in 1870. 

The constitutions of quinine and the more important related alkaloids derived 
from cinchona have been known for some years, and syntheses of this group of alka- 
loids cannot now be long delayed. The structure of all the commoner alkaloids of 
opium is known, with the exception of the most important of all, viz. morphine and 
its close relatives, codeine and thebaine, and here only details remain to be settled. 
Similar progress is being made with other alkaloids of special therapeutical interest 
such as emetine and strychnine, and the activity in alkaloidal research at Manchester, 
Oxford, Marbmg and Vienna is such that one wonders how long the known supply 
of “alkaloids of unknown constitution” will hold out. The organic chemist can 
reasonably claim that he has done his part in adding to the knowlcxlgo of alkaloids, 
but it is of interest to note that in spite of all this activity no natural alkaloid has yet 
been replaced commercially by its synthetic equivalent, though this could be done in 
a number of cases if necessity for it arose. The fact that man is still dependent on 
natural sources for supplies of these indispensable medicinal products makes it all 
the more surprising that next to nothing is known of the part they play in the phy- 
siology of plants. This lack of knowledge is no doubt due to the facts that the most 
important alkaloidal plants are grown in the Tropics, where facilities for bio-chemical 
research are still severely restricted, and that, except in the oases of cinchona and 
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Opium, production is scattered and on a small scale, so that there is no organisation 
for the systematic research necessary to secure such information. Alkaloidal plants, 
such as those of the Solanaceae and the Leguminoseae are however available in 
temperate regions, and the numerous problems presented by the distribution, origin 
and function of alkaloids in plants will no doubt eventually attract the attention of 
the bio-chemist. At present the bio-chcmistry of alkaloids consists of little more than 
casual, unrelated observations with much, more or less, plausible speculation. 

Alkaloids may be defined as naturally occurring, relatively complex, basic sub- 
stances usually exhibiting marked physiological action, but the term is not always 
used in this strict sense outside ch(‘mical circles. It is not uncommon to find the name 
applied to such substances as <ligitoxin, strophanthin and santonin, that is, to natur- 
ally occurring, physiologically jictive substances, which contain no nitrogen and are 
not basic. That is the essential difference and, broadly speaking, alkaloids are classi- 
fied for convenience of dcscTiption according to the way in which the constituent 
nitrogen is built into the molecule. The simplest alkaloids are derivatives of open 
chain or aliphatic amines, uhilst the more complex have as nuclei, closed heterocyclic 
fdiains in which the nitrogen is the heterogeneous clem(mt. The more complex alka- 
loids are further siibdivideil, ac’cording to the nature of these heterocjyclic rings into 
cicrivalivos of pyrroli(lin(% ]>iperidiiie, glyoxaline, etc., and still further according to 
the nature of the proximate structure of which the primary heterocyclic ring forms 
part, into tropane, granatane, qtiinuclidine, quinoline, isoquinoline, indole, purine 
etc., derivatives. Such schemes of classification become increasingly difficult as 
knowledge of the structure of alkaloids grows and though they arc always misleading 
something of the kind is iiec'cssary for purposes of general discussion. 

Taking a group of plant spt'cies so closely’ related as to be inclu<led in one natural 
order, it is reasonable to iwsujuo that the plants concerned will possess a common 
metabolism and have most of their characterisl ic constituents in common. That 
seems to be true as regards alkaloids in only one natural order, viz. Amaryllidoceae 
in which the characteristic alkaloid is an ^quinoline derivative, lycorine or narcissine 
which has l)een found in at least ten genera of the order. It is also true of such a 
characteristically alkaloidal order as the Papaveraceae where in spite of the many 
different alkaloids that may bo present in a single plant- there are at least 25 in the 
opium poppy — all are f^oquinolino derivatives, so far as is knoum, and all can be 
reganied as arising by a common process. 

A more usual state of things is presented by such orders as the Solanaoeae and the 
|jegumino8etu\ In the former three well-defined and distinct groups of alkaloids 
occur, typificHl by hyoa(*yamine (tropane nucleus), nicotine (piperidylpyrrolidine 
nucleus) and soianine (a complex alkaloidal glucoside of unknown constitution) 
respectively. Hyoscyamine occurs in several genera, Datura, Atropa, Scopolia, 
Duboisia and Hy'oscyanius, nict>tine in one only, Nicotiana, whilst the solanines are 
found only in Solanum species. 

Much the same state of things is found in the Leguminoseae where cytisine 
(quinoline condensed with pyrazine or pyrazole as a nucleus) is the most widely 
distributed alkaloid having been found in Ana^yrxs^ Baptisia, Cytisus Jjxhvrn'umt 
Euehresta, Genista. Sophora and Ulex, The alkaloid sparteine, which is a quinuclidine 
derivative, a characteristic which it shares with the pnneipal cinchona alkaloids, is 
found in the genus Lupinus and in one species of Cytisus (C. scopariua)^ IVigonelbne, 
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a simple pyridine daivatiye, is found in TrigondUi and in Pimm, Hypaphorine and 
eserine, respectively 8im|de and complex derivatives of indole occur in Erythrina 
hypaphoras and Phymstigma Venenosum, Finally vicine, probably a purine glucoside, 
occurs in Vida spp. and there are less weli-dehned alkaloids in other genera of the 
order. In view of this variation in the type of alkaloid, which may occur within a 
single natural order or even within a genus, as in GyHauSf it seems clear that by what- 
ever process alkaloids may be formed in plants, it must be a process which from similar 
materials must be capable of giving rise to a variety of products. 

None of the alkaloids so far mentioned are to be found in plants of more than one 
natural order, but berberine, one of the best known of the isoquinoline alkaloids, has 
been recorded in at least 14 genera belonging to five natural orders, Ranunculaceae, 
Berberidaoeae, Menispermaceae, Papaveraceae and Rutaceao. 

It is common ground with authors, who have put forward suggestions as to the 
mode of origin of alkaloids in plants that the primary materials must be amino - 
acids, produced by the breaking down of proteins, but it is at least equally probable 
that they are formed as by-products in the building up of proteins. The former pro- 
cess can be demonstrated, so for as the production of simple bases — ^too simple to 
be regarded as alkaloids — is concerned from what is known regarding the hydrolytic 
products of gliadin, one of the proteins found in rye and the amino-acids and amines 
found in ergot of rye and presumably produced by the action of tliis fungus on the 
proteins of i^e grain. As shown in the following table, the six amino-acids from 
leucine to lysine are all found among the hydrolytic products of the gliadin of rye, 
whilst in the fungus the same animo-acids are represented by the corresponding 
amines, tsoamylaminc to cadaverinc, produced in each instance by decarboxylation 
of the amino-acid, of which in most cases some also survives in tlio fungus. 


Simpk Bases of Ergot of Rife. 


1. Leucine CHMc,.CH,.CH(NH,).COOH 

MoAmylamino CHMe, . CH, . CH, . N H, 

2. Aspartic acid COOH.CH,,CH(NH,).COOH 

CH NH 


3. Histidine 


Eigamine 


\ 

C.CH,CH(NH,).COOH 



\ 

C.CH,.CH,.NH, 
N CH^ 


4. Tyrosine 

limine 

5. Aiginine 

Agmatine 

Putresoine 


HO . C,H4 . CH, . CH(NH,) . COOH 
H0.CeH4.CH,.CH,.NH, 

NH, . C(NH) . NH . CH, . CH, . CH,CH(NH,)COOH 

NH,.qNH).NH.CH,.CH,.CH,.CH,.NH, 

NH,.OH,.CH,.CH,.CH,.NH, 


in rye and ergot 
in ergot 

in rye and ergot 


in lyp and ergot 


in ergot 

in rye and ergot 
in ergot 
in lye 
in ergot 
in ergot 


6. Lysine NH,.CH,.CH,.CH,,CH,.CH(NH,).COOH in lye 

Cadaverine NH,.CH,.CH,.CH,.CH,.CH,.NH, in ergot 

This sort of process gives us no clue to the origin of the real alkaloids, ergotoxine 
and ergotamine, found in the fungus and to which there is nothing analogous among 
the constitueitts of rye grain or their hydrolytic products. 
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Of all the Buggeetionft that have from time to time been put forward to aooount 
for the formation of alkaloids the most useful is that published by Robinson in 1917. 
These views have the great advantage that they postulate the pre-existenoe in the 
plant of nothing not known to ooour there» or at any rate not likely to be present, they 
assume only the possibility of reactions, which there is every reason to believe do 
occur in plants, and Robinson has himself shown by the synthesis of tropinone and 
pseudo-pelletierine in the laboratory by these processes, that the latter can take place 
at atmospheric temperature. 

On the basis of these views the following explantion of the formation of hygrine, 
the simplest alkaloid found in coca leaves is given. 

Stage /. Oxidation and methylation of ornithine by formaldehyde to a carbinol- 
amine of the pyrrolidine series. 

NH,.CH,.CH,.CH,.CH(NHj).COOH + H.CHO^ 

CHj.CHa 

NH,+CO, + NHMe.CH,.CH,.CH,.CHO-> | \h,OH 

CHj.NMe 


Stage IL Condensation of the carbinolamine with acetonodicarboxylic acid. 
COOH CH,— CH, 

+ OH.CH(COOH).CO.CH,.COOH 

OHj.CO.CHj.COOH CHj—NM^ 


Stage II L Decarboxylation of the condensation product to (in this case) hygrine. 
CH,~NMe 

\;h.cii,.co.ch. 

By a similar condensation of two molecules of the carbinolamine with one molecule 
of acetonedicarboxylic acid, a base isomeric with cuskhygrine would be produced, 
whilst, if Stage 1 is carried a step further, ornithine might yield succindialdehyde 
and methylamine, thus: 

NH,.CH,.CH,.CH,.CH(NH,).COOH + 2H.CHO-> 
2NH,.CH,+CO,+CHO.CH,.CH,.CHO 

and from these two substances and acetonedicarboxylic acid, Robinson has shown 
that tropinone can be produced in the laboratory, and tropinone is a probable inter- 
mediate in the production of tropine and eventually of hyoscyamine in the plant. 

Still keeping to the same materials, ornithine and acetonedicarboxylic acid, it is 
possible to represent by reasonable variations in the same processes the formation 
of nicotine, thus affording an explanation of the apparent anomaly referred to above 
that plants so closely related as to be placed in the same natural order Solanaceae 
may produce what at first sight appear to be totally different types of alkaloids, vis. 
hyoscyamine and nicotine. 

There has thus been {uoduced on the chemical side a promising view, supported 
by experimental evidence, of the processes by which even the most complex alkaloids 
known could originate in pluits, and it now remains for plant physiologists and bio- 
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chemists to take up the subject from the biological side and prove or disprove the 
validity of Robinson's suggestions. 

There is one other problem in connection with the bio-chemistry of the alkaloids, 
which must be referred to. The importance of alkaloids to man is obvious but their 
value to the plants which produce them is not so clear. Three views have been held 
as to their function in plants: 

(a) that they are produced as protective agents, 

(h) that they ore plastic products destined for further use by the plant, 

(c) that they are merely accidental products of metabolism, that is, waste products. 

The first view has all the appearance of having been put forward without serious 
consideration. If toxic constituents protect plants, animals must be aware that such 
plants are dangerous and avoid them. There is however no evidence that this happens. 
Scarcely a year posses in which cattle are not poisoned in England by eating branches 
of the yew tree, and in countries like Australia, South Africa, and New Zealand where 
toxic plants hove not been largely eliminated from the pastures by generations of 
careful farming, as they have in England, such plants cause serious annual losses to 
the pastoralist. 

No (>!X|K^riraental evidence of great value has been put forward for the view that 
alkaloids serve as plastic products, in the sense that they are used up by the plant 
liberating stored energy and being reduced to simple degradation products, but the 
sounder part of this view', suggested by Bayliss, that alkaloids may serve os stimulants 
of some kind has never been tested experimentally. It has been applied, with more 
reason perhaps, by Armstrong to certain of the glucosides, and it should not be over- 
looked that more alkaloids may occur in plants in the form of glucosides than is at 
present suspected. At first sight the fact that alkaloids are relatively stable and not 
highly reactive substances under the conditions obtaining in plants, whereas those 
glucosides w'hich Armstrong regards ns means of storing stimulants, produce on 
hydrolysis highly reactive substances, discounts the view that alkaloids can fulfil 
such a function, but it is inUTesting in this connection to remember that VV^illstfltter 
has shown recently that the alkaloid hyoscinc when hydrolysed by the pancreatic 
lipase yields the labile substance, scopine, wdiich very readily passes into the stable 
substance oscine long familiar as the hydrolytic product of hyoscine, when the 
hydrolysis is brought about by acids or alkalis. 


I I 


/ 

O 


OH— CH— CHo 


\ 


i. 


(5h^ 


-o- 


-CH— CH,— CH 


Me CH.OH 

I 


CH— i;H— CH, 
Scopine 


A 


[Mo 


CH.OH— OH - 
Oscine 


-CH, 


o'^l NMeCH.O.TR 

\! I j 

CH— CH— CH, 

Hyoscine (TR=Tropoyl radical) 

However that may be, the bulk of alkaloid found in any particular plant appeals 
normally to behave as would be expected of a product formed accidentally and with- 
out ulterior purpose. It is t3^ica] of reactions with organic materials, whether pro- 
duced by chemical or biological agency, that they arc rarely complete or proceed 
wholly in one direction, and it is to be expected that in the synthesis of proteins from 
simple amino-acids some by-products will be formed, and that in the degradation of 
proteins reactions will occur between the amino-acids produced and other substances 
present in the plant at the same time. When metabolisn\ is active the quantity of 
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these bjoproduots formed is certain to increase just as the dump-heaps of a blast 
furnace grow with increased output of metal. It is often carelessly argued that alka- 
loids, tannins and other normal secondary constituents of plants must be plastic 
products because their amount is greatest when metabolism is most active but the 
fact is that real plastic products should be difficult to find when metabolism is most 
active, because they must be constantly used up and it is only when metabolism 
slackens that they should begin to accumulate. Perhaps the most convincing piece 
of work so far accomplished bearing on the function of alkaloids in plants was pub- 
lished by Br H. E. Annett in India in 1921. He showed quite clearly that in the opium 
poppy, where the alkaloid-yielding latex is found in the walls of the unripe capsule, 
that neither the application of nitrogenous manures nor any change in environment 
affected the proportion of morphine found in the latex, though the quantity of latex 
formed might be so influenced. In a well-regulated factory one would expect the 
proportion of waste product to remain constant and the total quantity to increase or 
diminish as the environment was favourable or unfavourable to factory operations. 

Annett also found that in lancing capsules for opium the whole of the morphine 
was removed in the first few lancings, later lancings yielding latex free from morphine. 
Further, the seed produced from lanced capsules was as good in quality as that 
formed from unlanced capsules, so that the latex does not appear to fulfil any special 
function in connection with the seed during the ripening of the capsule. In addition 
to special evidence of this kind, the general conditions under which alkaloids are 
produced and stored in plants, support the view that they are waste products. 

Alkaloids are not as a rule found in quantity in seats of active metabolism, such 
as the leaves, except in short-lived plants where other means of storage are not readily 
available and even in these cases they are eventually transported to the rinds of the 
fruits as in the opium poppy, to the coats of the seeds as in some of the solanaceous 
plants or to tlie roots as in biennial plants. In perennial plants the usual source of 
alkaloids is the bark or the seeds, and in the latter, for example in Strychnos, strych- 
nine and brucine are found mainly in the seed coats, which are thrown off and the 
alkaloids lost when the seed germinates. 


HI. THE MEDICAL ASPECTS OF THE ALKALOIDS. 

By J. W. Tbbvan. 

(The Wdlcome Physiological Besearch Laboratories, Beckenham, Keni,) 

The number of alkaloids which are used in medicine is small compared with the 
number known. Out of some 800 alkaloids described in Henry’s Plant Alkaloids 
only comparatively few have a certain place in therapeutics. There have been, of 
course, nlainifi that a very large number of extracts containing alkaloids have valuable 
therapeutic effects, but the number of alkaloids for which there is both scientific 
evidence from the laboratory, and a consensus of reasonable clinical opinion that they 
are valuable is about 27. There are many preparations which the increase of thera- 
peutic scepticism in the latter part of the nineteenth century swept out of use, but I 
think the alkaloids enumerated below probably will be retained in scientific medicine 
for some time to come. Two indeed have only recently been introduced into general 
use-’^-Bparteine and ephedpine— -and I think it is likely that new alkaloids or new uses 
Ann. Biol xiv 35 
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for old alkaloids will increase the list still further. The soientifio evaluation of the 
therapeutic properties of a drug on man is an operation of extreme difficulty* much 
more difficult than its preliminary examination in the laboratory. 

Alkaloids used in medicine may be divided into two groups, one producing specific 
efieots on parasites infesting the body* the other producing physiological changes in 
the body which counteract the disturbances of function set up by disease of rendering 
possible certain therapeutic procedures involving interference with body functions. 
In the first group are the drugs given in Table 1. 


Table I. 


Alkaloids having an antiparasitic action. 
Alkaloid Use 


Quinine group 

Emetine 

Conessine 

Pelletieiine 

Aroooline 


Destruction of malarial parasites 
Destruction of Amoeba histolytica (dysenteiy) 
Destruction of Amoeba histolytica (dysenteiy) 
Anthelminthic 
Anthelminthic. 


There are a few other alkaloids to which antiparasitic properties have been attributed 
but the evidence is not conclusive. 

The alkaloids of the second group can be subdivided according to their sito of 
action. 


(1) Detjgs used fob their Action on the Central Nervous System. 

A. Depressants. 

1. Morphine is the oldest member of this group. It produces its principal effect 
in the body by diminishing the activity of the cerebrum. It is probably still the most 
valuable drug for this purpose. Nothing approaching the effect of morphine is pro- 
duced by any of the modem synthetic hypnotics which pour out in a vast spate year 
by year from Continental chemical laboratories. The sleep produced by morphine 
is a nearer approach to natural sleep than any other drug produces. After taking 
the ordinary hypnotic the patient generally awakes with a headache comparable to 
that morning after the night before” sensation which succeeds the sleep produced 
by over-indulgence in alcohol — ^which of course is the physiological type of the syn- 
thetic hypnotics. This unpleasant effect is absent after morphine and probably 
because of this very fact morphine is more prone to give rise to the drug habit. 1 feel 
that it is illogioal to suppose that by any synthesis a drug will be produced equivalent 
to morphine in therapeutic effect but not prone to give rise to the drug habit. After 
all the foundation of the drug habit must really depend on the efficacy of the 
physiological effect produced. The morphinomaniac started his habit because of the 
therapeutic effect of the drug. Morphine also has a special action where sleeplessneM 
is produced by pain. Much larger doses of the S 3 mthetio hypnotics have to be given 
where there is any great pain. This suggests that morphine has a special action on 
the ganglia in the base of the cerebrum which are specially concerned with the re- 
ception of sensory impulses, and indeed there is evidence from the reaction of the cat 
that the highest cmitres in the cerebrum are stimulated by morphine in small doses. 
Pain at any rate disappears before consciousness is affected when morphine is 
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ftdministered^ whereas the highest part of the cerebrum is put out of action first by 
h 3 ^notios. Morphine and its derivative heroin are also valuable for their power of 
d im in i s hin g cough by depressing reflex excitability. 

2. Hyoecine is also used for its depressant effect on the cerebrum. It is used in 
acute mania. Morphine is not much good in this connection — ^which is evidence in 
favour of the suggestion outlined in the last parc^aph as to the action of morphine 
on the cerebrum. Hyoscine has the disadvantage of having certain peripheral effects 
on the pupil and the secretory glands similar to that of atropine. The peripheral 
action of atropine is due almost entirely to the laevo-hyoscyamine which it contains. 
The optical isomer dextro-hyoscyamine, the other constituent of atropine, has no 
such peripheral action and we are trying it at the moment as a substitute for hyoscine, 
but the results are not complete. 

B. StitmUarUs^ 

The most important alkaloid used for stimulating the central nervous system 
generally is strychnine, which acts on all parts of the central nervous system, increasing 
the rapidity with which the organism responds to sensory stimuli and diminishing 
the latent period of reaction. It is almost confined to uses as a general tonic. 

One alkaloid has recently found a place in therapeutics because of its more or less 
selective activity on the part of the central nervous system which is responsible for 
the regulation of respiration, namely lobeline, which stimulates respiration in a very 
striking fashion. 

Apomorphine stimulates the vomiting centre. 

Caffeine also has a stimulating effect on the cerebrum. I have seen acute mania 
develop as a result of caffeine poisoning, and we all know its effect in the form of tea. 

(2) Drugs Acting on the Pbbiphsbal Nervous System. 

A. On the involuntary nervous system. 

The alimentary tract, the vascular system, the secreting glands, the sweat glands, 
the muscle of the eye and various other structures are under the control of two sets 
of nerve fibres which in general have opposing effects on these structures. One set of 
these fibres goes by the name of the sympaiheiic system, and the other by the name 
of the autonomic nerve system. 

(a) Drugs acting on Hhe sympathetic system. 

StimularUs. The body itself produces an alkaloid which is concerned with the stimu- 
lation of the sympathetic system, namely adrenalin. There is only one alkaloid which has 
found extensive application in therapeutics for its effect on the central and sympathetic 
nervous system, and that is ephedrine, which has an action very similar to that of 
adrenalin. Its chemical formula is somewhat similar (see Fig, 1). It acts just like 
adrenalin by increasing the pulse rate, increasing the extent of the contraction of the 
heart, raising the blood pressure by causing contraction of the smooth muscles of the 
walls of the arterioles and it dilates the bronchioles. It is much more stable than 
adrenalin because of the absence of hydroxyl in the phenyl group. Larger doses have 
to be used of it than of adrenalin, but it can be administered by mouth whereas 
adrenalin is almost without action when taken by mouth probably because it is 
destroyed before it is absorbed. The drug comes from a species of Ephedra found in 
China and records of its use are said to be in existence dating from 5000 years ago. 

36—2, 
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It seems likely that this drug will find great usefulness in the treatment of asthma^ 
the immediate cause of which is a spasmodic action of the bronchioles. An adequate 

OH 

r j Abbekauhs 
OTOH.CH^.NH.CH, 

Efhxbbihb 

CT0H.CHCH,.NH.CH, 

Fig.L 


dose of ephedrine given by mouth relieves the condition in a few minutes in most 
cases. Other drugs which stimulate the sympathetic that are found in plants are 
hordenine and tyramine but they are very little used in therapeutics. 

(&) Drugs acting on the atUonomie system. 

The belladonna group of alkaloids are most important in this connection. Atropine 
is the most important drug. It is made up as already stated of equal quantities of 
dextro- and laevo-hyosoyamine of which the laevo- is the most active on the auto- 
nomic system. It is used principally for dilating the pupil and paralysing the ac- 
commodation of the eye, as for instance, when the oculist wishes to examine the 
retina or measure the optical constants of the refractive media of the eye. It has been 
to some extent superseded by a synthetic product homatropine but its use is still 
necessary where prolonged action is required or for children. It is also used in relaxing 
the bronchioles in asthma and bronchitis by paralysing the constrictor fibres which 
are supplied by the autonomic system. Children are very tolerant of the drug. It has 
occasional uses in paralysing the nerve endings of the secretory glands and is used as 
a test in typhoid fever in which an injection of atropine faUs to cause a rise in pulse 
rate as in the normal human. The autonomic fibres which supply the heart through 
the vagus nerves are continually in activity in the normal animal, keeping a pulse 
rate lower than it had otherwise been. Atropine paralyses these nerves and so in- 
creases the pulse rate. In typhoid fever normal activity of the vagus is in abeyance. 
The vagus nerve also supplies the intestine so that the paralytic effect of atropine 
makes it good for colic. 

Physostigmine stimulates the autonomic nerve endings, causing contraction of the 
pupil and exaggeration of the movements of the bowel. Its uses in medicine are to 
counteract the effect of atropine after an optical examination and to stimulate 
a paralysed bowel to contract after surgical operations. 

Pilocarpine is the other alkaloid which is used for its effect on the autonomic 
system. It is principally used for producing sweating in kidney disease. 


B. i)ru^s fAo/ ocf on sensorp nerue endings. 

AconUe has a reputation for producing anaesthesia when appHed in the form of 
aa ointment to the skin. It is a highly dangerous drug which is going out of use. 
The most important alkaloid which acts on the sensory nerve endings is of course 
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cocaine. It is still the beet local aoaesthetio available for ophthalxnic purposes and 
for the nose and throat. It has the advantage over all the local anaesthetics so far 
proposed as substitutes, of causing constriction of the pupil and constriction of small 
blood vessels both of which properties make it indispensable for use m ophthalmic 
work. The various substitutes synthesised in the laboratory are displacing it in 
other fields, but the eye surgeon still depends on it. 

(3) Dbuos Acting ok Muscle. 

A. Heart muscle. 

Caffeine is used as a cardiac stimulant but not extensively. 

Quinidine and sparteine are used for their depressant action on the heart muscle. 
There is a clinical condition known as auricular flutter, the principal symptom of 
which is a very rapid pulse rate and consequent embarrassment of the circulation. 
The administration of either of these drugs reduces the pulse rate abruptly to normal 
by an action which has been worked out in detail by Sir Thomas Lewis and his 
colleagues. 

B. Involuntary muscle. 

The work of Maoht has shown that papaverine inhibits the contraction of smooth 
muscle. The discovery of this property has led to the use of this alkaloid in the various 
forms of colic which are produced by spasmodic contractions of organs containing 
smooth muscles. 

There are a certain number of alkaloids which are used for their stimulating effect 
on the muscle of the uterus namely ergotoxin (and the closely allied ergotamine) 
which is used to produce contraction of the uterus after labour, and hydrastine and 
cotamine which are used to prevent excessive menstrual haemorrhage. 

The alkaloids used to stimulate the kidney to secrete are caffeine and theobromine 
principally, and they probably produce their effects by acting on the blood vessels. 

The majority of alkaloids that are used in medicine are therefore used for their 
action in interfering with the normal mechanism of the body. Such a method of 
treatment is perhaps to be deprecated. It is rather like putting sand into a clock to 
regulate its time-keeping properties when the pendulum has dropped off. Unfor- 
tunately we cannot always find the missing pendulum when the body goes wrong and 
we have to do the best we can. It is extraordinaiy, and, I suppose, characteristic of 
living things how with a little assistance the body can get along with one or more 
organs permanently damaged. There is one interesting recent example of the con- 
dition in which the missing link which gives rise to disturbances of function has been 
prepared in a form in which it can be administered— the missing pendulum has been 
found. I refer to the condition of excessive menstrual haemorrhage. It is becoming 
fairly clear that this is due to a deficiency in a hormone which can be prepared from 
the ovaries of cattle. The excuse for retaining hydrastine in our list should therefore 
disappear, and the hope of the physician is that with the progress of knowledge more 
discoveries similar to this will render the use of alkaloids and other remedies for 
purely symptomatic treatment less and less necessary. With regard to the drugs in 
Table I the ground for their use is a much more logical one. Their action is directly 
on tl^e exciting cause of a disease, and it seems possible that additions to the thera* 
peutio armament of a phjnsician will be members of this group rather than of the 
other. The disooveiy of new alkaloids with this type of action is of course much more 
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difficult than that of alkaloids in the other group. We may however take some 
encouragement from the fact that it is not many years since it was found that Bil- 
harziosis, which is such a plague in Eg 3 rpt, can be effectively treated by this drug. 
With the characteristic exasperation of therapeutic research, another specifio for 
this disease, namely tartar-emetic, was discovered almost at the same time. 


IV. GENERAL DISCUSSION. 

Chairmsjt: One of the questions raised by Dr Henry was the reason for these alka- 
loids in plants, and he mentioned the suggestion, though 1 do not think he proved it, 
that they might be protective. Plants run great risk &om insects, and 1 think it can 
be said with certainty that the presence of alkaloids is no protection. I remember 
how greatly the seed and seed capsules of a poppy in Ceylon were attacked by a 
butterfly which ate them, and in this country the Hemlock has a moth that eats 
inside it. There is not much evidence that alkaloids are a protection. 

One question I would like to ask is whether you (Dr Henry) think there is any 
prospect of replacing the plant as a maker of alkaloid. In my business, as an Economic 
Entomologist, we are very dependent on nicotine as an insecticide, but getting it 
from the tobacco plant is expensive, and if we could have nicotine replaced com- 
mercially, we think perhaps it would make a difference. 

Dr Pethybbidge: I should like to know if it holds good in most cases that manuring 
has no effect on the quantity of alkaloid developed. I remember trying to grow 
tobacco in Ireland, which could be smoked, and in our first efforts the proportion of 
nicotine was about something like 14 per cent., and the smoking of it was perfectly 
vile. We were told that the reason was that it had had too much nitrogenous manure, 
and certainly the fact was proved. 

Mr Howes: I should like to ask Dr Trevan why it is that any native races who make 
use of arrow poisons can eat the fish without fear of consequences; they use poisoned 
arrows for game and eat the flesh. Surely these things have alkaloids in them. Is it 
merely distributed all over the animal and dispersed in small quantities? 

Chaibmak: One of the things which attracts one about all the alkaloids is how extra- 
ordinarily specific they are m their action. In the use of alkaloids as insecticides, it is 
found that one will be extraordinarily toxic, and a closely related one will have no 
action whatever. 1 assume that nicotine is present as nicotine in growing leaves of 
the tobacco plant, but in spite of that there are a large number of caterpillars which 
will live and flourish on these leaves, whereas if one gets the nicotine out and puts it 
on the outside, the caterpillar will eat it and die. It may be that the nicotine is not 
present in the plant but is produced by fermentation? 

Dr Henby: With regard to the synthesis of alkaloids, it is very unsatisfactory for a 
chemist to have to confess that although we have been at work on these things for 
a long time, there is not, at the present time, any case in which a natural alkaloid has 
been replaced commercially by its synthetic equivalent. The nearest approach is 
cocaine, which has been developed by Robinson’s process, and sparteine has been 
put on the market, which is not a very good substitute. In the special case of nicotine, 
1 do not think veiy much attention has been given to that, but it is a more promising 
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oaae. I think it should be possible to produce something, but what is proved is, that 
a good deal of work is needed. I think it is quite likely that if quinine were synthesised 
to-morrow we should be unable to put it on the market in competition with cinchona. 

With regard to manuring, the only effect of manuring is to increase the yield of 
plants and to increase the amount of alkaloid in that way, but the quantity of alka- 
loid in a plant is not raised. The case in Ireland was not understood and has never 
been explained. It merely emphasises the necessity of more work being done on that 
side. 

As to the form in which nicotine exists, what the Chairman suggests is quite 
likely. The method by which alkaloids are got out of the plant might destroy glu- 
cosides, and you could have it in some form which would not be toxic, but that is a 
point which wants investigating. 

Dr Tbkvam : Both questions are difficult. As regards poisons — ^take for instance the 
arrow poison — the most important types are poisons which contain glucosides of a 
digitarious type. To begin with, the amount they get is very small, and though 
enough to kill the animal is nothing like enough to kill a man. You can kill a rabbit 
with less than a therapeutic dose. That is one way in which 1 think the native who 
uses arrow poison escapes. The other is that by the method of injection of poison 
under the skin the dose to kill an animal is considerably less than that taken by 
mouth. Another suggestion that has been raised, though I do not think there is any 
good evidence for it, has been advanced in the case of fish poison; it is said that the 
toxin accumulates in the brain and natives are very careful not to use the cerebrum ( 

As regards the specificity of alkaloids, that is a long question, and all 1 know is 
that it is a most amazing thing that two substances quite similar in structure put 
into an animal produce different results, whilst two unrelated substances may have 
quite similar physiological actions. 
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JOINT DISCUSSION ON THE CONTROL OP 
PLANT DISEASES 

Opening Addresses in the joint discussion between Sections 
(Botany) and "M’ (Agriculture) on ^^The Control of Plant Diseases” held 
in the rooms of Section E at the meeting of the British Association for 
the Advancement of Science, Leeds, September 2nd, 1927. In the chair 
Professor F. E. Fbitsoh, President of Section E. 

I* Opening Speaker for Botany— Mrs N. L. Aloook, F.L.S., Plant 
Pathologist to the Board of Agriculture for Scotlandy Edinburgh. 

II. Opening Speaker for Agriculture — Dr William B. Briebley, 
F.L.S., Heed of the Department of Mycology in the Bothamsted Experi- 
mental Station, Harpenden, Herts. 

I. Botany. 

A. Author's Abstract. 

(1 ) A short review of past measures in the control of Plant Diseases in Cheat Britain 
and how far successfvJL. 

The rise of American gooseberry mildew. Prof. Salmon’s warning against 
American gooseberry mildew and wart disease. Prof. Somerville and white 
pine blister rust. The saving of the situation as regards wart disease by the 
discovery of the immune varieties. Action that succeeded — ^methods that 
have not succeeded. 

(2) The present point of view and present administration of control. The essential 
factors for success in control are: 

(а) The convinced and willing co-operation of growers. This implies their 
share in framing legislation. 

To attain this end clearness in exposition and ability to see the point 
of view of the grower and realisation of the business value of all control 
measures must go hand in hand with scientific efficiency in administration. 

(б) Accurate scientific knowledge on the part of those adnunisteiing control. 

(c) Moderation in policy when framing rules and regulations for ordinary 
occasions, and brevity and condseness in all exposition of such rules. 

(d) Drastic measures for extraordinary occasions. 

(3) Some questions for the future. 

Plant disease control m Agrieultwre. 

Margin of profit here smaUL Methods must be (a) certain, (5) ea^, (c) cheap* 
Examples— Bunt and Formalin. 
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Sud-hornt IHHoata, 

Some 70 common diseaBes carried on seeds. Research needed on treatment. 
HorticuUure, 

Plant disease control more promising in horticulture. of profit 

higher. More labour available. Plant sanitation essential. Prevention 
better than cure. 

Forestry, 

Prevention of disease in nurseries and inspection and control of importation. 
B. Opening Address, 


THE CONTROL OP PLANT DISEASES. 

By N. L. Alcock, F.L.S. 

(Plant Pathologist to the Board of Agriculture for Scotland,) 

“Be yo ashamed oh ye husbandmen; howl oh ye vinedressers, for the wheat and for 
the barley: because the harvest of the field is perished. I have smitten you with blasting 
and mildew.’* 

Joel i. 11 and Amos iv. 9. 

The idea that disease of men, of cattle and of plants was a direct act of punish- 
ment from the Deity has gradually waned. The view that diseases of men were pre- 
ventible came first* Vetermai 7 Science has slowly developed and is beginning to 
have the recognition that is its due, and the youngest scion of medicine, Plant 
Pathology, is now standing on unsteady feet looking out at a rather unfriendly and 
sceptical world. Folk still waver between hanging small pieces of looking-glass over 
the potatoes at the new moon and spra 3 dng with Bordeaux Mixture. Ignorance of 
the nature of plant disease is exemplified by the letter, among the files of the Ministry, 
saying the writer knew Wart Disease of potatoes was infectious because it had come 
out all over the baby ! But the ignorance of the otherwise highly educated on the 
subject of plant disease is more troublesome and possibly more pxifound than that 
of the peasant. 

Continual steady losses go on and it is only by a series of serious attacks that 
any conviction of their importance is brought home. The first real recognition of 
plant disease came with the American Gooseberry Mildew. There have always been 
far-seeing men who saw the importance of disease. Prof. Salmon of Wye in 1905, while 
the Gooseberry Mildew was^till no further than Ireland, gave a clear warning of the 
necessity for the legislative control of both American Gooseberry Mildew and the 
potato Wart Disease. Another striking warning, given when the importance of plant 
disease was not so generally recognised, was that of Prof. Som^ville in 1909 {Quarterly 
Journal of Foretitry, m, 233). He says, speaking of CronaHium ribicola, white pine 
blister rust, ‘*the disease. . .is said to be absolutely unknown in America.. . .But 
it is to be feared that the day is not far distant when it will gain a footing in North 
A merica, if it spreads there, as it has done in Europe, the loss that will result 

only be described as appalling.’* I believe the loss to-day is reckoned at millions 
of pounds. 
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Bnt neither the gooseberry disease, which after all attacked a non-essentiid food, 
nor the white pine bHster rost whose ravages occurred beyond the Atlantic, really 
awoke England. The first real awakening came with Wart Disease, which though 
described as a new disease of the potato in England by Prof. Potter and by Mr Massee, 
in 1902, was not recognised as a danger till some years later. 

These two diseases brought legislation. The gooseberry mildew legislation was 
a feeling in the dark, a stumbling after rules that should help, and it did not always 
attain the end sought. Gradually experience taught the necessary restraint and 
moderation, and the amended legislation met the requirement and also the disease 
for some reason lessened gradually. Let us say because of the legislation, but probably 
an ebb and fiow as yet not understood, occurs in all these troubles, as in human 
infeotiouB diseases. 

Prof. Salmon again spoke in warning of the trouble Wart Disease would bring, 
but little was heard of Wart Disease for a few years and no very drastic measures 
were taken. But the disease spread and the American Gooseberry Mildew fiourished, 
and in 1907, another landmark in control appeared with the Destructive Insects and 
Diseases Act of 1907, an enlargement of that of 1877, which dealt with the Colorado 
beetle. This was really the initial stage of legislation for Plant Disease Control and 
brought the whole subject into prominence. The institution of Inspectors to ad- 
minister the control and Mycologists and Entomologists to recognise and teach others 
to recognise the pests, was bound to follow and did so. 

A third landmark emerged in 1909. This was the discovery that certain varieties 
of potatoes were immune to Wart Disease. The work resulting in this discovery was 
carried on over a number of years, and with it the names of Mr Gough and Mr Snell 
will always be associated. No one knows yet why certain potatoes are immune to 
this disease, but this fact has stood out for the last 15 years in the annals of Plant 
Disease Control. So far the immunity has not broken down to any great extent. 
There are hints in some of Mr Anderson’s new work of the possibility of so virulent 
an infection that this immimity may break down. But we can still say, to quote 
Dr Pethybridge’s short and cogent speech on control, “Thank God for the immune 
varieties.” The Geneticists have helped much, once the discovery was made. Im- 
munity appears to be a Mendelian character and therefore breeders can breed towards 
immunity with some chance of success, cdthough every new variety has to be carefully 
tested. Plants that do not take disease are, of course, the ideal and there is plenty 
of work for the Geneticist in producing plants of all kinds that produce acceptable 
fruit abundantly, mature quickly, are hardy and resist disease. Till that Millennium 
we must continue to try to control disease and the value of our attempts to control 
disease will depend on the simplicity and possibility of the methods we put forward 
and the d eamees with which the knowledge is plao^ before the grower. 

The Phfflopathological Service in England. 

The service consistB of two main sections: 

A. The Control or Official Section. This consists of: 

(a) the Pathological staff at the Pathologioal Laboratory of the Ministry of 
Agriculture. 

EfUornologist (Mr Fryer). Mycologi^ (Dr Pethybridge). Assistant 
Entomologist and Assistant in Entomology. Three assistants in Mycology. 
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(6) An administrative unit forming part of the HarticuUure Division in 
Ministry of Agrioulture, Whitehall, i.e. that part of the Hortioultuie 
Bnfcnoh administering the Destructive Insects and Pests Acts. 

(c) The Ministry's Inspectorate, about 30 of whom have special qualifications 
in regard to Plant Pests and Diseases, though not entirely employed on 
this work. (All have been specially trained in a short course at the 
Pathological Labrnratory.) 

B. The Advisory and Research Sections. 

(а) The Corps of Advisers, consisting of an entomologist and a mycologist in 
each agricultural province. Fourteen in number, i.e. 28 advisers. 

(б) The Research Workers (about 20 or more) in both Entomology and My- 
cology. These are at Rothamsted Experimental Station, and ato attached 
to Long Ashton Fruit Station, Bristol, The Imperial College of Science, 
London, The Fruit Station at East Mailing, Lee Valley Station, Cheshunt 
and the Ix)ndon School of Tropical Medicine (Eelworm work) and else- 
where. 

So much for the personnel — ^the essential factors for success in the control of plant 
disease are several, but the most important one of all is the convinced and willing co- 
operation of the grower. This implies his share in framing legislation, his representa- 
tion in some form of advisory council. Unless the grower really works hand in hand 
with the Government ofiicial, no efiective step can be taken. In many cases, the 
fault lies rather with the scientist than with the grower. The man who is making a 
living at a very intricate and difiicult profession, who has probably been many years 
at it and often follows his father before him, is usually a shrewd and capable man* 
In Scotland the level of intelligence and education among the growers is higher than 
in England. His interest in a new way of fighting disease can always be aroused. 
But the effective action to follow this stimulus must be founded on sane principles. 
The busmess value of the control measure must never be forgotten. The value of the 
labour, at the time that it is suggested it should be employed, must alwa]^ be taken 
into consideration. The value of the materialB and use of machinery may exceed the 
narrow margin of profit in agricultural operations. The cost of the remedy must not 
exceed the value of the crop. The grower will work with us if we give him the chance. 
Never tell him to do anything that, in all probability, he will not do, that is too 
difficult, too complicated, too troublesome. Laws that are not carried out bring the 
law into disrepute and teach disregard of the law. 

Secondly, the knowledge on the part of those administering control must be 
accurate and wide and above all practical. For instance, in some parts of Scotland 
spraying gooseberries for American Gooseberry Mildew with plain washing soda is 
cheap and effective. In other parts of Scotland this spray will bum the bushes badly 
and destroy the hope of a crop. If you advise a control measure that does harm you 
may wait long for the trust of the grower to return. 

Thirdly, as to details of method. Familiar measures should be used. A table- 
spoon i oz., 20 oz. 1 pint. For instance, the common 2-oz. tobaceo tin wiU 
hold 4 oz. of liquid. Therefore a 2-oz. tobacco tin three-quarters full will, when 
poured into a gallon of water make a 2 per cent, solution, and both gallons and 
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2-ob« tobacco tins aire well known. Both onbio oentimetreB and peroentagea should 
be avoided. In all control, common sense must continually be used. 

dearness in exposition is most esseutiaL Not every practical scientist has the 
gift of making the facts found out by research dear so that *'he who runs may read.*’ 
But obviously this must be done and roles, orders, leaflets should all be in plain, 
simple English. As to our leaflets, I have often thought that for those for whom they 
were meant, a leaflet of one page with a good picture, and a good naked eye descrip- 
tion, and the best single method of control is the ideal. 

Moderation in poHoy when framing rules and regulations for ordinary occasions, 
and again absolute clearness in exposition of such rules, is necessary. 

But, now and again, on the extraordinary occasion, the most drastic measure will 
be the wisest. When a disease appears for the first time in a country and has not 
spread beyond one or two fields and gardens, could all the contents of the garden, all 
the crop of that field be put on a bonfire much might be saved. Total destruction of 
all the disease and all possibly infected material is needed. 

Seed-Bom^ Diseasea. 

A question that should be investigated and is likely to be discussed more in the 
near future, is that of the common seed-borne diseases. Many seeds carry loose spores 
on them (e.g. wheat-bearing bunt spores); many have a resting mycelium (e.g. flax 
seed with CoUeUitriehum linicolum) and many bear the fructifications of a fungus 
disease (e.g. sugar-beet seed carries both Phtjma betae pycnidia and the sori of the rust 
Uromyces hetae), Phoma betae produces black leg, an exceedingly troublesome disease 
of seedling beet. There are at least 70 common diseases carried on seed. 

Besearch is needed, especially to find more easy and efficient methods of dealing 
with these diseases, such as the formalin method for bunt and the hydrogen peroxide 
method for celery seed and celery leaf spot. 

Plant Disease Control in Agrioidture* 

We have not been faced by the appalling epidemics of some lands. ** Fortunately 
or unfortunately Great Britain has never had a disastrous plant disease epidemic,** 
says Dr Boyce. In the last ten years America says they have lost £100,000,000 through 
Pwidnia graminis on wheat alone. But the constant steady toll taken in Great 
Britain is not noticed, and each year amounts to a very lurge total. We lose by pre- 
ventible plant disease, tens of thousands of pounds. 

In agriculture the margin of profit is small, the labour scanty. 

Methods of control in agriculture must be (a) certain, {b) easy, (c) cheap, (d) safe. 
A good example is the formalin method of treating bunt. A bad example of a method 
that is neither easy nor safe is any of the dusting processes, where the dust is poisonous 
and the operator advised to wear a gas mask. 

But the greater field for control in Plant Disease lies in Horticulture. The margin 
of profit is higher, more labour is available, more good can be done. There is no lack 
of interest on the part of the fruit grower, at any rate on the part of the good English 
grower and all the Scottish growers ! He is more anxious that his diseases should be 
overcome than any scientist can be for him. The question of preventive medicine is 
apt to be overloo^d. It is much better to avcnd disease than to overcome it. Plant 
sluiltaiion, good dean cultivation, destruction of all diseased plants, and parts of 
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diseased plants, and indeed constant destruction of all dead branches, clippings, 
rubbish and refuse by fire, even the extirpation of weeds, are all methods of plant 
disease controL 

The selection of site is veiy important. Larch in a low damp site will suffer from 
larch canker and the incidence of canker on apple trees will Ifta ge n as an orchard 
climbs up a slope. Sour soU will increase club-root. 

A great advantage is gained by working with a Botanic Gkueden. Every Plant 
Pathologist should really be an expert gardener. As this is not possible, he should 
work within reach of the expert gardener. Of all diseases that plants suffer from, a 
great many are not mycological at all. The knowledge of plants, their life and their 
ways that the really experienced gardener has, is more valuable than can be expressed. 
At Kew, Mr Coutts, the Assistant Curator, used to say he was the fifth member of 
the Pathological Staff— -every Pathological Staff needs such a fifth member. 

The Pathological and cultural knowledge available at the Royal Botanic Gardens, 
either Kew or Edinburgh, will keep the scientist from being lop-sided. 

Both for Horticulture and for Forestry, the great importance of nurseries should 
be recognised. In Horticulture we can continue to look after our orchard or garden 
throughout the development of the plant, but in forestry the nursery is usually the 
one opportunity when disease can be eliminated. To be eliminated, it must be 
recognised — and never sent about from one nursery to another. In Horticulture and 
in Forestry much has been suffered in the past by diseased plants being brought into* 
the country. Two motives, one good and one bad, are usually responsible. Good, 
interesting and useful plants are brought horn distant countries. Our gardens have 
been wonderfully enriched by the Chinese plants of recent years and when these 
importations have been done through a Botanic Garden, little risk is run. The other 
motive is the passion for cheapness, the hope of a bargain — some of the very cheap 
importations are not good. They are not new but only cheap. The classic instance of 
this trouble is the introduction into America of cheap young white pines and the 
millions of pounds loss that followed the white pine blister rust that came with them. 

To avoid disease is better than to control it. 


II. Agriculture. 

A. Author^a Abstract. 

(1) Scope of Discussion. 

(2) Resfarch Aspects. 

(A) Centres of Research. 

(i) Source, tridning and supply of men. Financing and staffing of 
laboratory, field and administrative services. 

(ii) Types of research centres. Gradation from pure to applied work. 
Universities, research foundations, crop stations, government and 
extension services, commercial services. Source of monies and type 
of centre in relation to scope of woik, integration and a dm i nis trative 
control. 
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(B) Fidda of Eeaearoh. 

(i) PrinoipleB of oootrol. Disease sure^; plant hygiene and sanitation; 
plant protection; escapement of disease; exclusion of disease. 
Efieotiveness of methods in relation to expense, social, economic and 
political implications. 

(ii) Some primary genml issues. 

(3) Applied Aspects. 

(A) PopdariaaUon of Knowledge. 

Oral instruction, held service, printed matter. Belatiye values of the 
several avenues. 

(B) Application of Knoudedge. 

Liaison mechanisms; official, commercial, institute and extension, ad hoc^ 
personal. 

CJomparative values of the several mechanisms in relation to types of 
knowledge and practice. Suggestions regarding organisation. 

(4) Essential problem for discussion is the integration of practice and research. 

B. Opening Address. 

THE CONTROL OF PLANT DISEASES. 

By William B. Beiebley, D.Sc., P.L.S. 

(Head of the DepartmevU of Mycology^ Rothamsted Experitnental 
Station^ Harpenden.) 

Introduction — scope of discussion. 

In opening, on behalf of Section ‘M,’ a discussion on the Control of Plant 
Diseases” I wish to keep the idea of disease in plants as wide as possible, a more 
inclusive concept than that suggested, perhaps, by Mrs Alcock in her address. As 
Section ‘D’ (Zoology) is not officially represented here, I presume that disturbances 
caused by the attack of insects and o^ier animal parasites, usually included in the 
sphere of economic entomology, do not. except in so far as the host response is con- 
cerned, come within our purview. We are thus left with, on the one hand, what 
I may call organic troubles resulting from an excess or deficiency in one or more of 
the factoTB of the plant’s physical environment — light, temperature, humidity, food 
supply and so forth and, on the other hand, with diseases resulting from contact with 
certain factors of the plant’s biological environment — ^invasion of host tissues by 
vegetable parasites such as certain fiowering plants, fungi, bacteria, slime-moulds 
and the viruses — ^whatevCI these latter may be. 1 take the usual American and 
continental European view that the term ** mycology” is a misnomer for '‘plant 
pathology” and that our subject, plant diseases, covers the field I have indicated. 
It seems to me essential for fruitful discussicm that this broad concept of plant disease 
should be maintained throughout. 

Oiir subject may be approached from two sides, one, the acquirement of knowledge, 
or the research aspect and tw6, the application of knowledge at the applied aspect. 
In {dant pathology, os in many other sciences, these two aspects ore separated by a 
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broad obaam, that between researoh and praotioe or in the poresent instance between 
laboratory and field. We are already in poesession of a great amount of knowledge 
which, if only it could be applied, would go far to solve many of our most urgent 
problems of disease. On the other hand, there are many field problems of vital 
importance which, as yet, have scarcely come within the field of view of research 
men. Further, the practical cultivator often him an invaluable and wide ranging fund 
of empirical knowledge; hardly perhaps knowledge in the organised formulated 
sense, so much as intuitive practice and experience which, could it only be organised 
and formulated, would be of fundamental importance in scientific investigation and 
entirdy re-orientate many of our points of view. The most imperative need to-day 
is to bridge this chasm and make available to each the knowledge and experience of 
the other — ^to integrate practice and research, the bridge bdng built to the centre 
from both sides. It is this bridge that I wish to discuss with you in this meeting. 

1 shall consider the two aspects separately and begin first with the researoh aspects. 

Research Aspects. 

Under this heading I shall include the several phases of our subject which deal 
with the acquirement of knowledge concerning disease in plants. For our immediate 
purposes there are two main and correlated issues, on the one hand, the scientific 
workers ranging from the specialist in the research laboratory to the general practi- 
tioner in the field, and on the other hand, there are the actual problems of disease 
which require to be solved. For convenience I shall speak of l^ese as ^^centres of 
research” and as ^‘fields of research.” 

Centbes of Reseaboh. 

This sub-heading may be still further resolved into its human aspects” and its 
** institutional aspects” and I shall consider these in this order. 

Human aspects. In the past, and still largely to-day in this country, the study of 
plant disease has been regarded merely as a post-graduate and specialised develop- 
ment of scholastic botany. A student takes the usual degree courses in botany followed 
perhaps by a few months intensive study of the fungi and perhaps a year's ''training 
research” on some minor fungus disease and is then turned out on the world as a 
fledgling plant pathologist. In the earlier simpler days of classification and description 
this "pure” botanical training of the plant pathologist and the subsidiary dependent 
status of the science were perhaps not harmful although, personally, I cannot help 
feeling that the outcome has been a narrower and more scholastic vision than has been 
desirable. With however the vast importance and wide scope of the scienoe as, 
patently, it is with us to-day with its roots in botany, physics and chemistry, soil 
science, horticulture, forestry and general agriculture, I would ask yon whether the 
view still conunonly held by academic botanists in this countiy is any longer tenable. 
It is rather like a foster hen continuing to mother a turkey. The academic botanist 
may be right and plant pathology may be his very own wayward child, but the matter 
seems ripe for discussion. Let me put the issue in certain concrete questions. 

In the first jfiace, as a matter of recruiting, is the academic man with his "pure” 
botanical and inwardly directed vision as suitable for our purposes as the agricultural 
college man with his more general training and outwardly directed vision? The one 
is more usually town bom and bred, with a townsman’s outlook, and his academic 
training leaves him usually, with a townsman's attitude towards the regimented 
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growth of plants under oommearoial conditions of forestry, hortioulture or agrionltnre. 
The other is more usually country bom and bred, with daily experisnoe of practical 
conditions, with the countrymen's outlook and almost hituitiye feeling for growing 
crops, and these things brbadened, refined and formulated by his training in an 
agricultural college. The difference is largely one of mental attitude and outlook, and 
1 would put it to you as a matter for disoussiQn whether we do not need, as plant 
pathologists, men whose scientific vision is extrovert rather than introvert. 

Again, is plant pathology mmly a post-graduate specialiaation of academic 
botany? The ordinary botanioal student is trained by academic botanists as an 
academic botanist. Some months additional mycological study in a botanioal labora- 
tory or a herbarium does not make him a phmt pathologist, it makes him, perhaps 
an embryo mycologist. A plant pathologist must have a general botanioal outlook 
with considerable knowledge of the structure and genetics of cultivated plants and 
of their physiology, especially in relation to conditions of climate and soil, storage 
and transport. He must be intimately acquainted with the bacteria, fungi, etc., and 
this not so much from their academic aspects but from the standpoint of their activities 
in the glasshouse, field, plantation, transport waggon and storage shed, as causal 
agents of disease. He must have a knowledge of commercial conditions and practical 
processes in horticulture, forestry Mid agriculture and of practical hygiene and 
sanitation of cultivated plants in all general aspects which may bear relation to disease. 
He must have some acquaintance with economic entomology and helminthology and 
sufficient knowledge of physics and chemistry to develop prophylactic and thera- 
peutic treatments such as spraying, dusting, fumigation and so forth. Finally, he 
must possess sufficient comprehension of the world situation in agriculture, horti- 
culture and forestry, its geographic and economic implications to understand problems 
of plant introduction, national and international action relating to embargoes, 
quarantine and so forth. 

1 would ask you, is such a science merely a post-graduate aspect of botany for 
which the ordinary academic training is the all sufficient requisite, or is it better to 
regard it as a science of independent status, as distinct from botany as, fcsr example, 
veterinary medicine is from zoology or engineering from mathematics? 1 do not 
want you to entertain the wrong idea that 1 think plant pathology can do without 
botany or that engineering can do without mathematics, for that is not the case. 
Botanical science is the rock on which plant pathology is founded and on which it 
must be developed. The question in my mind is whether the botany of our academic 
schools is the right kind of rook or whether it k not, in perhaps most scholastic centres, 
quite unsuitable. The fact of the matter is that, to-day, the plant pathologist, as a 
professional man analogous with the veterinarian or the medical man, has only in 
few cases the time and money to obtain his vocational training subsequent to a 
degree in botany except in the event of the development on a vastly increased scale 
of the system of Research and Travelling Fellowships, Bursaries, etc., adopted by 
the Ministry of Agriculture, the Cotton Research Association and certain other 
bodies. Only the research specialist in one or another aspect of plant pathology 
like the medical specialist can afford to spend several years gaining experience. 
To my mind the general practitioner in plant diseases will increasingly need to 
oompromise and to obtain more of bis vocational training as a part of his degree 
training-— a degree in plant pathology. Adequate training for such a degree cannot, 
so far as I can see, be obtained within a pure academic school of botany. We need 
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for Biology fiK>methiiig llitalogous to what ttie Colleges of Technology have done in 
‘ Phyaios, Chenwbtry, Engineering, etc. I think the ideal would be a School of Plant 
Pathology intimately cooperating with Schools of Botany, of Horticulture, of Poreetry 
and of Agnculture, or, if not an independent schobl, then administered perhaps from 
the School of Botany but with these contacts as an integral part of its existence* Plant 
pathology seems to^me essentially an independent vocation as autonomous as the 
medical profession or the veterinary profession. Such a special vocation 
recognition, adequate stipends and provision for a career as obtains, for example, in 
veterinary or human medicine. A beginning in plant pathology him been made at 
home in the Agricultural Research Service of the Ministry of Agriculture and promised 
in the Empire by a visioned colonial agricultural research service, but commercial 
avenues have, as yet, hardly been thought of in this country or in many of our over- 
seas dominions. 

Many of my botanical friemls will feel that 1 have been too drastic in what I have 
said concerning academic botany but I would beg them to remember that 1 am opening 
a discussion on behalf of Section (agriculture). Further, 1 have myself passed 
through the ordinary academic botanical training and may therefore be presumed to 
have a bias in its favour. On the other hand, my experience is much wider than that 
of most teachers of botany in that 1 have not only held posts on a University botanical 
staff but also on the staffs of Kew and Rothamstod. Throughout, and more especially 
since the war, I have had considerable experience with students and “practitioners’* 
of botany, of horticulture and of agriculture both at home and abroad and the views 1 
have put forward largely do represent the outcome of this, perhaps unusually wide 
experience. Certain ideas and points of view in botany have almost acquired the 
sanctity of the thirty-nine articles and to question orthodoxy is not popular with the 
botanical Episcopate. It would have been very easy for me to chant “God’s in his 
heaven — Alls right with the world I ” of academic botany and plant pathology; to utter 
pious platitudes about the need of research and about “pure” science so spotless and 
unsullied, to argue that all that is needed for the perfect plant pathologist sans pmr 
et mna reproche is to make quite sure that he gets a thorough grounding in academic 
botany and that all will then bo well, and so forth and so on. These are the simple 
articles of orthodox faith and if one anoints oneself with vegetable oil of self-righteous- 
ness and swims with the current plaudits are assured. It is neither an easy nor a 
popular position to be an inside critic and to abandon the my-subject-right-or-wrong 
attitude, but my personal experience is leading me to think that all is not well in the 
state of academic botany in its rekUion to planl pathology, and that this sickness is, not 
improbably, one of the main roots of our trouble in the supply and training of men 
for the control of plant diseases. As a botanist myself I rather hope I shall be proved 
wrong but, in any case the question is, I think, meet for discussion, and all I ask is 
that it, be discussed with an open mind and without relation to the vested interests 
of botany. 

1 have not lost sight of the fact that unusual men, the leaders, vdll do unusual 
work whatevOT their training, and I rather think that such men will most commonly 
arise in the “pure” scienc^B; or of the fact that different aspects of a plant patho- 
logicid training might be stressed accordingly as the more usual student envisaged 
a career as a specialist in a research laboratory, as a general practitioner or “medical 
officer of health” in the field, as a teacher of plant pathology, as a member of a field 
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inspectorate or advisory service, as an administrative officer and so forth. These, 
however, seem to me minor issues when considering the status of plant pathology 
as a science or in treating in general of the research aspects of our subject. 

Let me now pass to my second sub-heading the “Institutional aspects.” 

Iruititviional aapeda, A general consideration of centres in which research on plant 
disease is carried out shows a very wide range of types of institution or organisation. 
To illustrate what 1 moan, 1 may perhaps use the analogy of a political assembly in, 
for example, Germany. On the extreme light wing are the scholastic institutions with 
their die-hard “pure-scienoe” attitude, whilst on the extreme left wing are the com* 
moroial laboratories with their purely economic attitude. Banging from one wing 
to the other are all the various grades of institutions or organisations containing 
pathological laboratories or departments. Let me instance certain examples of each 
main block. 

Moving away from the right-wing universities in which the outlook is essentially 
academic and purist, one comes to many of the great research foundations in which, 
although “pure research” is carried out, the view-points have a more applied direc- 
tion. One may instance the B.othamsted Experimental Station in this country, the 
Biologischcn Roichanstalt fiir Land — und Forstwirtschaft in Berlin — Dahlem or the 
Institut fur Pflanzenkrankheiten in Bonn-Popplesdorf ; the Phytopathological Insti- 
tute in Wageningen, Holland; the Pusa Research Institute in India, and in the United 
States of America, the Bureau of Plant Industry at Washington, the Boyce-Thompson 
Institute for Plant Research and the Tropical Plant Research Foundation. 

Passing still more towards the loft are what may bo called the applied crop 
stations, although the word “crop” is not so applicable in certain cases as the term 
“cultivation-area.” In this country are the experimental and research stations at 
Cheshunt, East Mailing and Long Ashton; certain agricultural colleges such as that 
at Wye in Kent, the Royal Horticultural Society’s laboratories at Wisley, certain 
branches of the Department of Scientific and Industrial Research and of certtiin 
Industrial Research Associations and so forth. The now Amani Station in Africa and 
tile visioned chain of Empire stations might find their place here along with more 
special centres such as the Hawaiian Sugar Planters’ Station, the rubber stations in 
Ceylon and the Federated Malay States, the tea stations in India and Ceylon, the 
famous Dutch statigns in Java and Sumatra, the West Indian Cotton Station and 
perhaps most of the agricultural experimental stations of the United States of America. 

Of still more applied outlook are many of the “research-advisory” organisations 
such as the agricultural advisory officer service and the Imperial Bureau of Mycology 
in England, or the colonial mycological service overseas; and on the left-hand of this 
block stand the “advisory-research” organisations such as the Inspectorates and 
pathological services of the various governments, the extension services of Denmark, 
the United States of America, etc. 

Passing to the extreme left wing one comes to the commercial organisations some 
of which are acquiring men of established reputation and are obviously destined to 
play a primary part in applied research of the future. In this country may be in- 
stanced the scientific officers of the Mond corporation or, on a small scale, such firms 
as Mason, Munro, Abol and so on, and in America the Bayer Co., the Niagara Co., 
the Pont de Nemours Co., the Bowker Chemical Co., etc. 

Finally, there are the several journals in all countries which give practical advice 
or answer enquiries concerning plant disease. 
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When one Burveye the wide scope and entirely unoorrelated nature of these 
organisations, not only from country to country but even within any one country, 
one realises how little economy in ideas, in men, time, energy or money there is in 
the present manner of their existence. One cannot help feeling that there should be, 
to take only those within the British Empire or an even smaller area, those in this 
country, much greater ease and freedom of exchange of men and ideas than exists, 
and much greater coordination of activities. It is imperative, however, that any co- 
ordination must be achieved without introducing the arid and sterilising influenoe 
of red tape, of unenlightened direction or of merely administrative control. Witli the 
increasing dependence of many of these organisations on government or public 
monies some degree of integration of staffs and activities seems inescapable, if only 
in the interests of economy. It is extremely desirable that we should realise this and 
take stops to ensure that any coordination shall not be in the interests of economy 
only, but also in the interests of pathological research and application and the best 
utilisation of available facilities to liberate the greatest good. Freedom in research 
does not come from the absence of organisation but is dependent for its very being 
upon organisation. 

Further, if some degree of coordination were brought about in existing patho- 
logical organisations it might not only liberate much energy at present locked up in 
unskilled administration and the almost entire absence of any methods of business 
economy, so patent in most scientific laboratories, but it might result in the very 
positive gain of greater financial and practical support for the more right-wing 
institutions. At present the latter are almost entirely supported on rare endowments, 
private subscriptions and, ever preponderantly, on public monies but with such co- 
ordination tliat the practical man is brought to realise their potentiality for good, 
it might be possible to tap the “trade-purse” either for particular institutions or 
particuhvr r€?searches. Many of tlie primary crop stations are supported almost 
entirely by voluntary levy by the planters or traders of acreage “cess or produce 
“cess,” and there would seem no reason why this basis of support should not be 
extended in many directions. 

Again, if only a broad and constructive policy could be applied to the integration 
of our teaching, research and practical organisations dealing with plant disease and 
cognate issues, so that right and left winj^ moved in unison to the one common end, 
the influence upon both extremes would be most salutary. Many academic schools 
of botany, for example, seem to live in a little cloistered world of their own far from 
any sullying contact with practical realities; a world in which plants exist as her- 
barium specimens, or pickled fragments in bottles ; systematically arranged in botanic 
gardens or ecologically arranged in salt marshes. The driUed regiments and legions of 
plants living and dying on farm or plantation seem to have no meaning for them 
although our very civilisation depends upon such “ crop botany. On the other hand, 
the grower surrounded by square mfies of rubber or cocoa, sugar cane or wheat, with 
disease gaining upon him day by day, is apt to be impatient with the aoadeimc 
scholiast. To an autonomous plant pathology all this would fee of little moment for 
it would work out its own salvation, but to a plant pathology, which, os in this 
country at present, is dependent on the schools of botany, the matter is one of serious 
import. What I, as a plant pathologist, wish to see are the schools of botany linked in 
closest intimacy with agriculture, horticulture and forestry so that botamcal students 
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realise from the beginning that a ououmber house, a potato field or a rubber plantation 
are just as much objects of botanical study as the marine algae or an apioid meristem. 

We need enthusiastic and constructive imagination to integrate our pathobgioal 
organisations from right wing to left so that the wings shall spread and yet come 
together in flight, so that the schools of botany shall become streams of inspiration 
finding their source in the world’s demand for healthy crops. 

So far 1 have been discussing the human and institutional aspects of research cm 
plant disease and 1 shall now turn to what may be called the fields of research” in 
plant pathology. 

FiMa of Reaearch. 

1 shall not treat this portion of my subject in any detail as it has already been 
considered by Mrs Aloock in her address. The discussion fails naturally into two por- 
tions, one dealing with the general principles of control and the other dealing with 
specific issues. 

Principlea of controL There may be said to be some five primary avenues in disease 
control. 

Firstly, arc disease surveys, in which record is made of the presence and incidence 
of domestic or foreign diseases. Such work leads to international surveys and know- 
ledge of the geographical and climatic relationships of disease. 

Secondly, are aU the problems connected with plant hygiene and sanitation, in- 
cluding the elimination of infective centres, the relation of nutritive and other physical 
conditions to parasitic diseases and to non-parasitic diseases and cultural methods 
for reducing the incidence of disease. 

Thirdly, are the questions concerned with plant protection, such os spraying, 
dusting, steeping, fumigation, sterilisation, and so forth in all of which the funda- 
mental value of intimate contact of plant pathology with chemistry and physics is 
becoming more and more evident. 

Fourthly, are the problems of disease escapement, which comprise the selection 
or breeding of escaping, tolerating, resisting or immune varieties, the relation of time 
of planting and other cultural operations to disease, the questions of rotation and 
suitability of crop with all their corollaries. 

Lastly, are the. issues of disease exclusion, questions of plant introduction, of 
embargoes, and quarantines and legislative action in ^eir domestb, national and 
international aspects. 

It will immediately be clear, if one considers these principal fields of research in 
relation to the centres of research already indicated, that different tyx>es of institution 
or organisation are better adapted to advance progress in certain Adds than in others. 
This is largely a question of the source of financial support and the facilities and men 
available. Thus, problems of disease survey and disease exclusion would seem best 
fitted to government pathological services with their adjuncts. Problems of plant 
hygiene and sanitation and disease escapement would on the whole seem most suitable 
for study by agricultural, horticultural and forestry centres. Much work concerning 
plant protection might perhaps profitably be carried out by the commercial organisa- 
tions and so forth. But in whatever manner the various issues appoi^bion themselves 
there are certain fundamentals that underlie all pathological research and application. 
For example, any control method must bo viewed not only in relation to the expense 
of its application and its commensurate return, but also in relation to its social. 
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economic and political implioationa. A method suitable for a highly organised planta- 
tion syitotn might be quite unworkable under a system of individual or peasant 
cultivation. A method which might be adopted successfully by an educated com- 
munily might fail dismally in an ignorant community or, idtematively, succeed in 
such a com m u nit y with a trained executive. Methods suitable for single-crop systems 
of cultivation are often unsuitable for rotation systems. Methods which may be used 
successfully in pure-line or clone culture may fail in mixed-population culture. Plant 
introductions, embargoes and quarantines may need to be mo^fied in relation to free- 
trade or protectionist policies. And, fundamental to all issues, is the purely economic 
one of the cash return of the crop, perhaps low prices on a bumper crop, high prices 
on a small crop, world prices, domestic prices and so forth. 

Before leaving this aspect of our discussion let me indicate briefly certain issues 
of plant pathology which seem to me of primary importance to-day, issues upon which 
research is most urgently needed. 

Firstly, the whole congeries of problems concerned with the relation of meteoro- 
logical, edaphic and nutritional factors to parasitic disease. At Rothamsted Mr 
Stoughton and myself are commencing the study of physical and nutritional 
relationships, both in their fundamental aspects and in direct connection with 
certain diseases of the cotton plant. 

j^lecondly, the physiological-genetic study of parasitic fungi and bacteria. At 
Rothamsted, Mr Dickinson, Mr Stoughton and myself are working on these problems. 

Thirdly, the epidemiology of plant disease, a subject on which we possess very 
little accurate knowledge. 

Fourthly, the nature of the several kinds of susceptibility, tolerance, resistance 
or immunity to disease. At Rothamsted Miss Glynne is studying certain aspects of 
these problems in relation to Wart Disease of potatoes. 

Fifthly, the field selection or breeding of resistant and immune varieties in relation, 
on the one hand, to strains of parasitic organisms and, on the other hand, to geographic 
and climatic areas. 

Sixthly, the whole new world of problems included in virus diseases of plants. 
This complex of troubles siu^ly forms one of the primary controlling factors in the 
world's agriculture to-day but, considering the importance of those diseases, deplor- 
ably little is being done in their study. One of the main reasons is that so few patho- 
logists are reaUy competent to carry out investigations into these difficult and obscure 
regions, for it is imperative that such work should be done with a meticulous accuracy 
and impeccable technique such as have rarely been demanded in previous phyto- 
pathological studies, and, also, that it should be done with full cognisance of similar 
researches into virus diseases of animals and man. At Rothamsted the virus disease 
investigations are being carried out by Dr Henderson Smith. 

Seventhly, the possibilities of the cultural control of disease. This is a much 
n^lected but extremely promising field of research which might give immediate 
practical returns. Of the possibility of the biological control of fungal and bac- 
terial parasites, analogous to the biological control of insect pests, 1 am not 
sanguine. 

Righthly, the whole complex of pathological problems connected with transport, 
storey marketing. Such researches are almost an untouched field in this country 
but Imve a future of tremendous importance. 

Ninthly, the physico-ohemioal basis of methods of plant protection. At Rotham- 
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8ted Dr Tattenrfield el a/, are studying these problems in relation to entomology 
and parallel researches £rom the fungal and bacterial side are urgently needed. 

Tenthly, the practical value of the several grades of Embargo, quarantine, etc., 
and of l^islative action in controlling the dissemination of plant pests. 

Lastly, the methods of estimation and statistical anal3r8i3 of the incidence of 
disease and the losses from disease. 

Of course plant pathology is ‘*so full of a number of things'* that one could 
continue listing problems for some considerable time, but, those that I have just 
suggested, do seem to me to be of such outstanding importance that any addition to 
our knowledge would very materially increase our prospects of understanding and 
controlling plant diseases. It may be noted that certain of these problems might be 
considered of merely theoretical interest. Well! plant pathology has been such a 
mushroom growth, and so empirical has been its development, that it has had no time 
to think philosophically or consider its theoretical foundations. Speaking generally 
and with, as it were, a long distance point of view, I am of opinion that the greatest 
need of our science to-day is theory and that with an advance in our philosophy 
will come a real advance in our practice. It is thus that I find myself, a little to 
my surprise, holding orthodox views as to the need for more fundamental research. 
The only proviso 1 would make is that some of the energy devoted to this end should 
be directed towards synthesis and not, as at present, wholly towards analysis. 

So far I have dealt only with the first portion of my subject, the “research 
aspects,** and I now wish to pass to the second portion, the “applied aspects.** 

Applied AapecAR. 

Of the vast amount of data, or of knowledge, acquired during passing years by 
scientifio investigation the greater part that reacihes publication stage is printed with 
all due ceremony in some technical journal and so quietly laid to rest. Occasionally 
the corpse is disinterred and its bones examined but the second biudal is usually 
quite final. Now a fraction of this research has potential practical value but it is 
rarely or never carried beyond the -laboratory stage and so this value is usually lost. 
The questions I wish to consider with you are, firstly, how the knowledge that we 
possess written in technical jargon or locked away in scientific journals can be 
popularised and disseminated and, secondly, how potentially practical researches 
can be carried forward to a stage of successful application. 1 shall discuss these 
aspects in turn under the headings “popularisation of knowledge*’ and “application 
of knowledge.’* 

PopuiariacUion of Knowledge, 

There are perhaps three main avenues by which knowledge concerning plant 
disease in its several aspects may be spread among a rural population. 

In the first place is what may be called the teaching avenue which commences 
with the elementary schools, more especially, perhaps, the rural schools. 1 think we 
are all orthodox in our demands for far more biological teaching in schools but, wbm 
I should perhaps go beyond many, U in my insistence on the fact that, even in school- 
teaching, disease and death should be regarded as just as much a part of the normal 
life-cycle of animals and plants as are birth and health. The two form the complete 
circle and, to leave out one-half, is to falsify every issue for each only has meaning 
in values the other. More biological teaching and, what is equally important, 
sounder biological teeujhing, in the schools would go far to {nxxluce a rural com- 
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mimity with a more understanding mind oonoeming health and disease, life and death, 
not only in plants but in animals and man. More advanced and formal teaching con- 
oerning plant diseases is given to a moiety of future cultivators in agricultural high 
schools and colleges, horticultural institutions and so forth. In all of these, problems 
of disease and death are usually cut off from normal plant functioning as though they 
were something not mentioned in polite botanical circles. This, I think, is a mistake. 
An extraneous teaching avenue, which one almost hesitates to mention, is wireless 
broadcasting, but so many receiving sets are now spread widely over the countryside 
in all lands, that it is quite obvious that this avenue might become one of the most 
important not only for general instruction relating to plant disease but of very direct 
and mgent use in the face of sudden outbreaks or epidemics of disease. 

One of the main avenues of popularisation leading to the adult rural community 
is the formal lecture system— there are lectures organised by government depart- 
ments or subsidiary services, lectures by educational and research institutions, 
lectures by growers’ organisations of all kinds, lectures ad hoc, lectures almost ad 
nauseum. The value to the lecturer, especially if he be a right-wing man, in giving him 
contact with the practical farmer and grower w undoubted, but, after a considerable 
experience of lecturing, I am becoming sceptical of much value, save in the most 
general sense, accruing to the practical man. 

Infinitely more important than formal lectures, to my way of thinking, are actual 
demonstrations, field trials and experiments, if possible carried out locally in the 
districts or conducted more centrally by agricultural colleges or research stations, 
and actual demonstrations of laboratory research in progress. Intimate contact of 
practical man and research man by visits of farmers, horticulturists, and foresters to 
educational and research centres and much more visiting in the converse direction, 
would induce a far greater appreciation of scientific research work and go a longer 
way to the encouragement of an educated adult rural community than any amount 
of sporadic lecturing. The only essential is that any demonstration of research should 
not be a perfunctory showing by an unwilling and bored junior, but should partake 
of the nature of an actual educational experiment by an enthusiastic and skilled 
demonstrator who c^n meet the practical man half-way. 

A second primary avenue of popularisation of scientific knowledge may, perhaps, 
be termed the official channel. By this I mean the central official pathological labora- 
tories and field services, the advisory and inspectorate organisations, the smsiler local 
organisations and extension services, the official channels in growers’ organisations 
and so forth. All of these carry on valuable activities and, mostly in respect of par- 
ticular and local problems, do transmit to a minority audience knowledge oonoeming 
plant disease. Personally I do not think too much importance can bo attributed to 
the growers’ organisations and, I feel strongly, that their potentialities for the spread 
of knowledge have not been sufficiently recognised or developed. 

A third main avenue of popularisation of knowledge is printed matter. Here are 
included notices of legislative enactments regarding disease, the excellent leaflets on 
specific plant diseases issued by the Ministry of Agriculture and the agnouJtural 
colleges, the official journal of the Ministry and various year-books. Other countries 
have developed such official publication to a greater or a less extent. In the United 
States of America, for example, this avenue is tremendously developed; many of us 
who have to read the publications sometimes feel that “overdeveloped” might be 
a truer word. In this country a recent and noteworthy attempt to give the practical 
rr\nr\ an idea of what is happening in research laboratories financed by the Ministry 
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of Agrioulttire is the volume by WilkinB entitled Benairch ani the Land. Reoords of 
soientifio activity are also attempted the Royal Agricultural and Royal Horti- 
cultural Societies and of more popular nature are suoh publications as the Fruit 
Chrawer, Farm and Fidd, the Oardeners' Ghroniolt, etc. A further channel of dissemina- 
tion which is becoming increasingly important is trade advertiBement and propaganda. 
Surveying the issues broadly it is very difficult to estimate the value of these 
different avenues of popularisation. I imagine that no one questions the immense 
importance of the mental perspective of the rural community towards crop growth, 
determined initially in the rural schools. After a considerable experience of lecturing 
to all sorts and conditions of audience I am inclined to think that, as a means of 
conveying data or knowledge, incidental lecturing to farmers and growers is of com- 
parativdiy little value, save, as 1 have already indicated, to the lecturer. The rare 
man who can strike the imagination of his hearers and arouse enthusiasm in them to 
take up special questions as a personal interest is, of course, in a different category. 
One of the most painfully outstanding things in modem science, however, is the rarity 
of suoh men. Organised courses under such conditions as those obtaining in the 
Workers* Educational Association would also, 1 think, need to be regarded differently 
and if the rural community could be invaded by a W.E.A. having biological interests 
this channel might become of extreme value. My expedience and opinion regarding 
the value of printed matter is that, commonly, it is astonishingly less than might 
have been expected, for the practical man seems often to find it very difficult to 
translate the published word into terms of personal experience and field practice. 

So far as my personal experience goes, by far the best avenue of popularisation 
is by quite informal discussion with growers, and, above all things, by practical 
demonstrations where the grower can see things for himself, in the flesh as it were, 
and make his own judgments in the light of his own knowledge and experience. 1 feel 
that 1 cannot advocate too strongly the value of such intimate and informal contact 
between the research man and the practical man, and one of the best ways to bring 
this about seems to me to multiply opportunities of contact by field and laboratory 
demonstrations, informal discussions and any other way in which the field is brought 
to the laboratory or the laboratory to the field. I think if energies were directed to 
this end by the organisations existing on both sides, the spread of scientific knowledge 
among the adult rural community, and, what is equally important, the spread of 
practical wisdom among the adult scieiitific community, would increase rapidly, and 
we should advance toward that sympathetic and understanding liaison of research 
and practice which is so urgently to be desired. 

Let me now pass to what is the final matter 1 wish to consider with you, namely, 
the actual mechanisms of liaison and application. 

Application of Knowledge, 

The channels by which new processes or now products may be conveyed to the 
practical man, so that they become an integral part of his practice, are very numerous 
and varied. 

Firstly, there is what may be termed the official channel. In the majority of 
countries there is a more or less official chain of universities, research stations, govern- 
ment pathological services both central and local, inspectorate and advisory services, 
extension officials and so forth. Implicit in this organisation is, I suppose, the idea 
that research coming from the right wii^ which might have a inractical outcome is 
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taken ap by the more left wmg s^rvioes and worked out in its practioal or field 
applioatknis, ultimately finding its way via the inspectorate, advisory or extension 
services into actual practice. 

Secondly, there is the commercial channel. On the one hand, research emanating 
from “private” laboratories or from any published source may be worked out to a 
commercial issue by the scientific officers of an interested firm and put on the market 
via commercial channels for private profit. On the other hand, a non-profit-making 
syndicate might be formed to provide facilities for the practical working out of a 
scientific discovery, to commercialise the product or process and put it on the market 
in the interests of the further development of the particular issue. Such, for example, 
was the procedure adopted in the exploitation of the “Adco” manorial process. 

Thirdly, there is what may be termed the Institute method. The scientific staffs 
of crop stations or other similar institutions, not only carry out applied research, 
but investigate in their own legitimate interests the practical value of any published 
research, perhaps modifying or carrying on a more theoretical investigation to a 
practical issue. Such stations are usually conducted in the interests of one or more 
special crops and the organised growers not only have direct and often predominant 
representation upon the governing body of the station, but take a very lively and keen 
personal interest and pride in the work done. Both by intimate personal contact, 
demonstrations and publications, results of practical value are made known im- 
mediately to the growers who put them into actual practice under the advice and 
often under the personal supervision of the scientific staff. In many countries there 
are central institutions more or less comparable to the National Institute of Agricul- 
tural Botany at Cambridge, and these take a greater or lesser share in the application 
of scientific knowledge to field practice. Apart from the Wart Disease of potato trials 
carried out by the N.l. A.B., no pathological work, so far as I am aware, is done under 
the aegis of this Institute and there seems ample scope for the extension of the 
activities of such a foundation into the realm of disease. 

Fourthly, is what may be called the extension avenue. Except in so far as exten- 
sion work is carried out in this country by the Ministry’s inspectorate and the advisory 
services this channel which in Denmark, the United States of America and many other 
countries is so important and* vital, is little developed. It is, of course, an avenue of 
popularisation as much as application but in the U.S.A. where the Extension services 
are linked, on the one hand, with the experimental stations, and, on the other hand, 
with the growers’ organisations, it is undoubtedly one of the largest factors in actually 
getting knowledge applied. 

Fifthly, is what may be called for want of a better term, the ad Aoc mechanism. 
There are already many committees of public, scientific or practical organisations 
which have been created specially to look after particular issues. Committees of 
responsible bodies such as the Bfinistry of Agriculture, the Forestry Commission, the 
Royal Agricultural, Horticultural or Arboricultural Societies and so forth might 
well be created od Aoc, on need being shown, for the obtaming of facilities for the 
carrying on of a laboratory research to a practical end, and for ensuring in any 
feasible way, that the results were made available for successful adoption in practice. 

Lastly, is what may be termed the personal channel. In this case the research 
mari himself oairies on his work to the practical stage, and then, by his personal effort, 
sees it through the avmues of propaganda or other mechanism of publicity and finaiy^ 
puts the prooess or produot upon the market, or in some other way ensures its 
adoption by the grower or interested party. The man who is best for the pure investi- 
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gational aspect is rairely the man most suited to propagandist issues or one who shows 
any great acumen in the commercial exploitation of results. I think many of us must 
know workers of considerable research ability who are becoming, or have become, lost 
to science, because willingly or not they are following up their research work into the 
arena of practice. On the other hand, such a method does tend to maintain stricter 
accuracy in the actual presentation to interested parties of the facts of the case and, 
further, keeps alive an atmosphere of single-minded purpose and personal enthusiasm 
which often leads to success. 

Of course in discussing any of these mechanisms of application, and this also 
applies to avenues of popularisation, the several methods I have indicated do not, 
in actuality, work independently but form a complex in which one aspect or another 
becomes increasingly emphasised or predominant. Further, the choice of avenue is 
often, to a large extent, dictated by the source of the knowledge or applied research. 
With the increasing tendency of commercial organisations to retain their own scientific 
officers it is obvious that an increasing amount of research or application, deriving 
from commercial laboratories, will be marketed for profit by the organisations con- 
cerned. Again, the avenue depends considerably upon the type of ** goods** to be 
marketed or distributed. C^i^ain products or processes are marketable whilst others 
are not; thus it is a simple matter to put on the market a new immune variety, a 
new spray mixture, a new type of machine and so forth, but a difficult thing to make 
available for successful adoption a new cultural operation, a new planting time or 
new hygienic methods in which the active and intelligent cooperation of the grower 
must be enlisted and which he, personally, may need to carry out without any obvious 
and immediate return. The mechanism of application thus further depends upon the 
type of community, whether one of centralised plantations or of peasant cultivation, 
an educated community, or an ignorant one and so forth. Finally, the question of 
‘‘politics*’ may be involved, embargoes, quarantines, import regulations, diseases 
and pests legislation, etc., but as Mrs Alcock has already considered this aspect I 
shall not discuss it further. 

In the field of “application” as~in that of “popularisation” 1 feel that I cannot 
emphasise too strongly the value of small “crop” or “cultivation area” stations in 
which there is the most intimate contact between scienlbifio investigator and practical 
grower. H 1 may be forgiven an actu^ example I would instance the Experimental 
and Research Station, Cheshunt, where work on tomatoes and cucumbers is carried 
out. I would state, however, as my considered opinion, supported by every shred of 
my personal experience, that it is most desirable, indeed almost imperative, that such 
crop stations should be kept small. If it is found that one small research centre in 
any area is insufficient for the needs of that area or crop then, the original station 
should not be increased in size, but a second one sliould be established. In this country, 
fmr example, I do not think any more large central stations are required; if money is 
available the existing ones might be better staffed and equipped. On the other hand, 
I do not think we can have too many small unit stations, and I look forward to the day 
when the agricultural, forestry, and other cultivation or crop areas will each contain 
a smaller Cheshunt or East Mailing. What I would like to see are small, simply but 
adequately equipped laboratories, with if requirod mobile adjuncts, containing three 
or at the most four trained men — a plant pathologist, a crop physiologist, an entomo- 
logist and a chemist. These men should be essentially field men with a practical outlook 
and an intuitive “flair” for the growing and regimented crop plant. Their appoint- 
ments should be conditional on their spending three or four months of each year, or 
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0116 year in three or four, oanying out study or investigation in some University or 
primary research centre like Rothamsted. Their work should be essentially practical 
research on local problems ; not academic work as so frequently is done now but actual 
frontal assaults on field problems of disease, a large number of which are susceptible 
to direct empirical attack in the total al)senoe of theoretically desirable knowledge. 
Further, they should carry out experiments and demonstrations under controlled 
and under local commercial conditions. I think that the establishment of such units 
would ensure not only fruitful research on problems of diseases of plants in the field, 
glasshouse or plantation, but it would multiply opportunity for extensive popularisa- 
tion of such knowledge, and give prospect of the successful adoption by the practical 
man of prophylactic and therapeutic treatments. It would lead directly to the integra- 
tion of practice and research which is the great desideratum. 

If one looks over the whole field in the light of one's own experience, both in this^ 
and other countries, one cannot help feeling that there exists a real need to-day for 
a wide survey, somewhat along the lines I have suggested in this address, of the 
problems of research and practice in relation to disease in cultivated crops. But such 
a survey needs a broad and constructive vision, that would transcend vested scientific 
interests, and a courage that would not hesitate to suggest building here and scrapping 
there in the interests solely of progress towards plant health. If real advance is to 
be made, it is essential that all the primary issues of pathological research shall be 
covered economically and thoroughly by men of sound training, of practical outlook 
and with direct knowledge of commercial conditions. And, secondly, it is essential 
that relevant information shall he made available to the practical man in such a way 
that it shall Ins adopted, translated into field terms and successfully applied. The 
greatest need in the control of plant diseases is to integrate research and practice 
and to bridge the gulf from both sides. 

As many, perhaps most in this audience are teachers or senior students of botany, 
agriculture or plant pathology, I would like to say. in concluding, what to my mind 
is the most fundamental thing of all. I would plead that in our studios wo break away 
from the arid and sterilising grip of unimaginative empiricism in which our sciences 
are held to-day, that we abandon the dreary and paralysing formalism of “pure” 
academic tradition and cloistered scholasticism and, whilst retaining all that has 
value in “pure” science, mould this science fundamentally and boldly to the needs 
of the new era and the new human issues. That we go out into the world and seek our 
inspiration in the reality of the growing plant and largely in the plant grown to satisfy 
human need, for only so shall we keep in tune with the progress of our times and 
minister to human welfare. Future knowledge depends largely upon to-day's students 
and what 1 feel we need, above all things, is to arouse enthusiasm in our students, 
to strike their imagination, so that they shall go forward not only with accurate 
knowledge but with faith and vision, a faith that is deep and a vision that is wide 
and constructive. We must realise that, although as academic beings, it ia worth 
while studying grass for the sake of studying grass yet, as human beings, it is perhaps 
an even nobler ideal to Study grass for the sake of making two blades of grass grow 
where one only has grown before. And finally we must so teach and so wean our 
students that they shall have a more “gestalt” perspective and a more “hohstio” 
philosophy, so that their ideology shall be one of relationships, in which the pheno- 
mena of health and disease are perceived, not as mere isolated thmgs, but as events 
in the pattern of life and death. In such case I have little doubt that disease in plants 
is a matter for human control. 
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Cotton and its Production. By W. H. Johnson. Pp. xxvii + 636 ; 26 
maps. London: Macmillan and Co., Ltd., 1926. 25s. net. 

Cotton. By H. B. Bbown. Pp. 617; 139 figs. New York and London: 
McQraw-Hill Book Co., Ltd. 1927. 

Since the publioation by the United States Department of Agriculture in 1896 of 
its Bulletin No. 33, “The Cotton Plant, its history, botany, chemistry, culture, enemies 
and uses,” no important treatise covezing the same large field has appeal^ until 
the nearly simultaneous publication of these two manuals. Although both cover 
the whole field of cotton in all its aspects, the authors have approached the subject 
from different angles. In Cotton and its Production the outlook is mainly com- 
mercial, and the subject is treated geographically. Each of the cotton-growing areas 
of the world is considered in turn and their particular problems of cotton cultivation 
and production discussed. The purely botanical aspects of the genus Qoasypium are 
dismissed in twelve pages, while cotton breeding is treated of in nine. One of the 
most interesting chapters is that on cotton growing in India. The area planted an- 
nually to cotton in India is only one-third less than the whole of the Cotton Belt of 
America, but owing to the inferior yields the crop is only one-third as large as the 
American crop. The average yield in India varies in different years from about 
60 lbs. to 100 lbs. of lint per acre but has never exceeded 100 lbs. ; the yield in 
America is at least twice this. While it is realised that this poor yield Is due in part 
to unavoidable factors such as unfavourable climatic an^l soil conditions in many 
parts of the country, yet, as Mr Johnson points out, still more is it due to a lack of 
knowledge, and intelligence to apply knowledge, on the part of the peasant grower. 
A great deal has been done to improve this state of affairs by the Agricultural 
Departments, while the Co-operative Credit Societies have enable the small-holder 
to obtain the capital he nee^ for his initial outlay without recourse to that prince 
of usurers, the native money-lender. How much has been done to improve the yield 
is seen when it is consider^ that for the five years before the War, 1909-14, the 
average yield per acre was 77 lbs. of lint, while for the five years 1920-25 the yield was 
90 lbs. of lint per acre. 

Of much interest too is the chapter on cotton growing in Australia. In 1920-21 
Mr Johnson visited Australia on aspecial commission to enquire into the possibility 
of developing theCOtton-growing industry, and the substance of his reports is contained 
in this chapter. A huge area in the continent is suitable for the growing of cotton but 
the extreme sparsenoss of the population makes its production on a large scale 
extremely difficult. The author points out that a farmer with a modium-sizea family 
can do ail the work on a cotton farm up to ten acres without outside assistance, the 
labour requited for picking being the factor which fixes this limit. Great efforts are 
being made to improve the varieties grown and to see that the wholesale mixing of 
seed that has occurred m the past should cease. The export of Australian cotton has 
risen from 30 bales in 1919 to over 11,000 bides in 1925. 

The chapter on the diseases of the cotton plant is not so good. The sketchiness 
of the treatment and the somewhat inaccurate statements made indicate only a 
slight acquaintance with the subject. A “boll rot,” said to be due to Bacillus gossy^ 
pinus Stedm&n, is described as being “commonly met with in the United States and 
the West Indira,” whereas it was shown many years ^o that Stedman's green 
fiouresoent bacillus was not pathogenic. “Intend Boll Disease” caused by Nowell's 
Species A, B, 0 and D {Nematosporth Eremotheciumt and Bpermophihora) is dismissed 
in two sentences, despite its great economic importance in the West Indies. Insect 
prats are treated at greater le^h and in more detail. 
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Coming to Prof. Brown's volume we find the subject treated, as we should expect ' 
with a geneticist as author, far more from the botanical standpoint. The first seven 
chapters are concerned entirely with the botany of the cotton plant, its species, 
varieties, morphology, and reproduction. It is surprising that, considering the im- 
mense economic importance of the crop, so little research has been done on the 
physiolo^ of the cotton plant. The monumental work of W. L. Balls in Egypt is 
almost the sole sQurce of our knowledge. ; What data there are, however, are very 
ably presented by the author in this volume, and the physiological problems arising 
are interestingly discussed. Fo^-three ^ges are then devo^ to the genetics of 
the cotton plant and the known facts are/excellently reviewed. 

Soils, clrmatc, and cultivation receive Iconsiderable attention. 

Diseases are treated in rather more detail than in Cotton and its Production^ 
and the information given is more in accordance with modem views. However, like 
many others the author accepts the at^bution of WUt Disease to Neocosmospora 
vaainfecta (Atk.) £. F. Smith, although t|ie evidence on which this fungus was stated 
to be the ascigerous stage of Fusarivm ^aainfectum was more than inconclusive, and 
is discounted by most authorities on thdsubject. As the author states in the preface, 
the information in the book applies chiefly to the Upland cotton area of the American 
Cotton Belt, and this accounts for the extent to which ‘‘wilt disease" and “anthrao- 
nose," the most serious and widespre^ diseases in this area are discussed, while 
Internal Boll Disease" does not even receive mention. 

The commercial aspects are intereningly and clearly handled in both volumes, 
though perhaps more detailed and c^fully illustrated accounts of the processes 
involved in spinning and weaving woifd enhance the value. Together the two books 
constitute a most comprehensive treatment of all aspects of cotton and its pro- 
duction. j 

The bibliographies are more coiAplete in Prof. Brown's volume, the specific 
citations in Johnson's work being confined to books only. The style of both 
volumes is excellent and maintains tlyD standard sot by these publishers. The maps in 
Cotton and Us Production are particularly clear and valuable, although the book as a 
whole would have been improved b^^illustrations. Cotton is typical of the very high 
standard of the McGraw-Hill publicmions. 

R. H. STOUGHTON. 

Economic Biology for Stuienti of Social Science, Part I. Harmful and 
Useful Animals. By Phimppa C. Esdaile. Pp. xv + 176; 160 illus- 
trations. University of Bondon Press, Ltd., 1927. 7s. fid. net. 

The aim of this book is to preunt the elementary facts of economic biology from 
the standpoint of ‘'Household anaSocial Science." It is an attempt to cover a rathmr 
ill-defined field which does not seem to have been catered for by any book of a similar 
character. Dr Esdaile's effori^ aim at giving such information that is most generally 
useful concerning certain animals and plants which are, or may be, associated witn 
man and the household. The pr^nt volume which forms Part 1 deals with harmful 
and useful animals, while Part ll it is mentioned in the Preface, constitutes a com- 
panion volume which treats of wimal and plant products. 

Such « work as Herrick's Ho^ehold Insects covers only that branch of the subject 
as is impUed by its title, while Esdaile's book is of a much wider scope although 
less detailed in its method of t»atment. The difficulty in writing a manual of t& 
character lies in the choice of material, since the subject in its present aspect has not 
so far assumed very definite bdimdaries. Its authoress has taken a wide viewpoint 
and included all organisms from Protozoa to Arthropoda wherever they betray any 
relation to her subiect. VertebriM, it appears, do not come within the scope. Chapter 
I is concerned with the Protozoi and an account is given of the species of Entanwdba 
found in man, of the malaria Plasmodium and its relation to Anopheles^ together 
with some brief remarks on tpe Spironema of syphilis and the causation of that 
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disease. Chapter n deals idth the Porifera and their general structure, together with 
a list of the eomioinioally important species and their special uses to man. Flat worms 
form the subject of Chapter m and a clear, but brief, account is given of the structure 
and life-histories of the liver fluke of the sheep and of tapeworms; while certain 
economically important round worms are dealt with in the next chapter. The Inseota 
form the subjects of Chapters v to xnand practically all the important species affecting 
man in person or his stored products, in so far as Britain is concerned, are mentioned. 
Spiders and economicaUy important mites ore dealt with in Chapter xni and the 
concluding chapter is devoted to general hygienic measures. The book is also supplied 
with a glossa^ of the technical terms used, and an index. 

We have little to offer by way of criticism, but in dealing with the Hymenoptcra, 
.reference might well have been made to ants which can bo troublesome invaders of 
the household. Under the Biptera we miss any mention of the biting housefly HUnMtacys 
ca^citrana and in the chapter on Coleopteia Attagenua pdlio would seem to rcciuire 
mention, since it is usually found in housei where its larva attacks furs, skins, etc. 
These few omissions scarcely detract from the value of the book and attention is 
directed towards them in the event of a second edition being called for later. 

The general impression derived from reading this manual is cLarity of expression, 
accuracy and strict elimination of wordinest. It is, in fact, rigidly confined to essen- 
tials, and we may say that the task is well done. Preventive or remedial measures 
ore given wherever desirable and those adv^ocated are up to date and eminently 
practical. The book is well adapted as an elementary manual and it should meet 
with a ready demand among the type of reader it is intended to cater for. It is 
clearly prints in good type and the ^ustratons are adequate. 

A. D. IMMS. 

Genetics in Relation to Agrietdture, By E B. Babcock and R. E. Clausen. 
2nd ed. Pp. xiv 4- 673. Mc6raw-lill Book Co. 1927. 25s. net. 

Few aspects of science have shown so renarkable a development as modem 
genetics, which begiiming almost de novo a quarter of a century ago, has acquiml a 
mass of exact data and fundamental theory thit will bear comparison with those of 
any other scientific discipline. This, in part, is. lue to the curiously post-dated birth 
of genetics and the correlated fact that a grea^ amount of anatomical, cytological 
and other exact information and practical breeiing experience were available which 
could be incorporated immediately as a broad and stable foundation for the new 
development. In the quite early years certain fruitful lines of investigation began 
to crystallise out: on the one hand, the stuc^ of the mechanism of Mendelian 
heredity and the relation of the gene to charai^r effect and, on the other hand, 
the study of pure-line analysis and the more emjmoal splitting and synthesis of the 
phenotype. The genetic research of the last years has been almost entirely an 
advance along these lines and the main congeries obvious problems have been more 
or less ex}flored, the greater number of geneticii|8 being now engaged in filling in 
details or showing the application of alre^y fori^lated theory to further examples. 
Broadly speaking, this, the first period of genetic development has come to an end 
and the science is in the throes of a re-birth. Thektomistio ideology of genetics is in 
process of rapid change, a dynamic philosophy arisiig on the foundation of the static 
philosophy of the last quarter of a century. It is a ransition that is clear not only in 
the more enclosed field of genetics but in the wlole biological and psychological 
landscapes, mechanistic phUosophies sublimating into hormic or dynamic philo- 
sophies. The atomistic ideology of genetics from 1100-26 might'almo^ be regarded 
as a necessaiy pre-requisite for the emeigent evoluton of the science to a functional 
plane, a jdane on which genetic phenomena are peroeved as events rather than things. 
Of the one school of philosophy it might be said tha^the teachers are Johannsen and 
Morgan, of the other school, Bateson and Gol^chmt^, with Baur as a bridge between 
the two schools and Lotsy as Advocatus Didboli in general. Such work as that of 
Goldschmidt (see for example his recently publi^M Pkyaidlogiache Theorie der 
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Verefhungt 1927) or partioulato^researohds such is that of Plunkett, are not merely 
an additional new line of study but an entirelwew viewpoint and a new plane of 
exploration. Thev are the foundation stones If a developmental genetics and a 
dynamic philosophy as against the older meohaifitic ^netiCs and static philosophy. 
There would seem* little room for doubt that pe science of physiolomcal genetics 
opening before us wdl entirely re-orientate genAc theory and plmosophy. 

It is desirable that, at the close of a period, kck should be taken and the general 
position reviewed so that a vantage ground mlr be selected for further endeavour. 
This has boon happening in ^netics and the oJ^to disciplines. On the cytolopcal 
side volumes have apx>oared% Cowdjray (odit)fVVilBon and Sh^. In g^etics itself 
are the monographic volumes by Fruwirth all the series edit^ by Baur and by 
Lotsy and Kooimanns. Of single treatises opering the entire field or on one or 
another aspect of genetics are the volumes byErew, Rice, Hayes and Qarber, Shull, 
Sinnott and Dunn, Babcock and Clausen, Jops, Johannsen, Baur, Castle, Walter, 
Morgan and others. All thmo have been publiped during the last two or three years 
and to a greater or less extent review the posikn to date. Certain of these volumes 
are second editions and a comparison of twi editions is always interesti^ for it 
enables one to measure the progress that haiJbeen made in a specified peric^. For 
example the time elapsing l>ctween the seconded third editions of Wilson’s The CeU 
corresponds with the life of modem genetics, 1900 25, and a comparison of the two 
editions gives an extraordinarily clear pictun of the development of cyto^netics. 
If one compares iho 1913 and 192fi editions i)f Johannsen’s treatise one, similarly, 
obtains a view of progress in pure-line theoiyud practice. Perhaps the best picture 
of the advances in general genetics is obtai^le from the several editions of Baur’s 
volume, or from the three editions of Castlrslbreatise although this gives a more 
personal point of view. I i 

An excellent idea of the general advance i( genetic development made during 
the last decode is obtained by a comparison first edition of the work by Babcock 

and (hausen published in 1918 and the seooi|A ^tion which has just appeared. In 
1918, for example, the fundamental import^lWin w the chromosomes in genetic theoiy 
aUi»«4iiprK tftronfdy imliratAd might still be roAled as a moot point, whereas to-day, 
the value of cytogenetic resoarcii is no longer meuestion. The applied value of genetic 
research in animal and plant breeding was, ill D18, still largely a matter of hope and 
promise, >yhoroa8 to-day much of that promise b not only well on its way to fulfilment 
but certain issues of primary horticultural oi agricultural importance have been 
solved outrmht. It is interesting to I’ontrast th* development of genetics during this 
period and its outlook to-day v ith those of, foi example plant pathology, one of the 
few aspects of biology which has shown an equally rapid growth. In plant pathology 
the development has been almost entirely empirical and the singular lack of funda- 
mental research and theory has given rise tp an unstable, localise unbalanced, 
structure. In genetics, on the other hand, theory has advanced naturally and logically 
in the van of prac‘tioal application, and pefhqps nothing characterises the close of 
this youthful period of genetic devolopmen,t sd much as the broad advance made in 
fundamental research and the stiiblc balanced nature of the resultant growth. 

The genetic progress during the period 191 5-27 is well reflected in the difiorenoe 
l)ctween the two editions of Babcock and da isen’s volume. Both are dividcMl into 
three parts — I. Fundamentals, U. Plant Breeding, and HI. Animal Breeding, but 
whereas in the second edition it has been fount I possible to reduce Part HI from 172 
pages to 134 pages and Part H from 156 pa^ es to 148 pages, the same process of 
condensation applied to Part I has necessitate 1 an increase in number of pages from 
286 to 330. 

This fundamental advance is, of course, la rgely due to the work of Morgan and 
his oollaborators and the first portion of th< volume is principally based on the 
researohes of the Columbia school to which i1 forms an excellent and simple intro- 
duction. The only broad criticism one would ] lake of Part 1 is that it is perhaps too 
»tKrongly coloured by the researches of the lutbors’ compatriots — ^Morgan et o/.. 
East, Emerson, Blakoslee, Jones, Castle and others and that not sufficient attention 
has been given to the often divergent views of stoh European investigators as l^teson. 
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Lotoy, Clftiusef^ Tttressen/ STilifton and bo fc^. To take, for ejcam{»la, one 
j^ue only, that of sex, with its ra tifyktg implioationB, the fundamental and xevok- 
tionaty investigatioiiB of Goldsohi although refen^ to in thi^ bii>liogFa|>li(y, am 
almost passed over in the text. Ii detail them are many points of intemretation in 
the authors* treatment of ‘*Fundas mtals with which one fUids it somewW difficult 
to agm, but this is only to be expc ;ted in so new and rapidly developtng a science ai 
genetics. One rather more general Wue which underlies the whole treatment of this 
£rst part may be noted. The auth^ have re-classffied the phenomena of variation 
into I. “Developmentel variation,’ |II. “Mendelian variation,” and lU. “Mutation.” 
The first category aligns wil^ the^^older term “modification”; the" second, in part 
with the older term “combination” but excludes the expression of aberrant offe, 
multiple ohromosome re-arrangements which along with qualitative changes and alT 
changes of unknown causation arejrel^ated to the tlnrd category of “mutation.” 
This last term thus connotes the expression of both qualitative ^d quantitative 
changes in germinal elements and k as the authors st^ a “cat<maU” term. This 
new dassification of variation is ndther logical or particularly helpful io clear and 
precise thinking, and it is a pity tliat in a volume which is obviously destined io 
become a widely accepted and standiird text some more logical categorisation such, 
for example, as tliat suggested by Baur in his original treatise (“Ei^iihning in die 
experimentelie Vererbungslehre”) or elaborated in detail more recently by Bridges, 
should not have been adopted. 

Part II deals with plant breeding md is an excellent and concise introduction to 
an extraordinarily wide and difiu^ subject. Even Fruwirth’s five volumes only 
partially cover th^ field and in a bool (»f the present size a preliminary reconnaissance 
only can be made. The note runnim through this portion — ^the urgent need for the 
most intimate cooperation between iractical grower and genetical investigator — is 
one which cannot be too strongly en (hasised. 

Part 111 is concerned with the a) }lication of genetics to animal breeding and is 
a simple and straightforward introd ction to what has already been accjomplished 
and of the genetic facts and implicat )ns which underlie the occupation of the prac- 
tical breeder. In a chapter on “acqii 'ed characters” muoH of the diffuse uiuiatisfac- 
tory work in this field is dealt with in an admirably critical way, but one would 
have liked to see some reference mat t* to the genetic implications of such work of, 
for example, that of Tornier. One o the most interesting chapters is that dealing 
with the promising and immensely in oortant subject of animal hybridisation. 

The “list of literature” runs to .‘1 pages as against 2fi in th^ first edition but a 
number of these items are not referred to in the work, and one finds it a little difficult 
to understand the inclusion of many < f these references, when other more important 
ones are omitted. No references are ? tually cited in the text and those at the ends 
of the chapters, a new feature of this - [iition, might in many oases have b^n omitted 
as they are merely to elementary te: b-boolm. The glossary and synoptic contents 
are absent from this second edition; the text-figures have been r^uced from 239 
to 203, many of which are new, and tl 5 coloured plates have been reduced from five 
to four of which three are new. 

Taking it all in all, one may quest :)n, whether the new edition is quite as gc^ 
a treatise on QeneHcs in Relation to Agriculture in 1927 as was the first edition 
on the same subject in 1918 — certain it is not as readable, but that is probably 
due to the difficulty of condensing so mormously expanded a mass of data into the 
same compass, 673 pages as against 6' >. In any case the book stands quite ^one in 
ils particular field and not oi3y genet eists and agricidturists but all biologists owe 
a debt of gratitude to the authors for cj rrying out sucoessfully so difficult and onerous 
a task. 

WILLIAM B. BRIBRLEY. 
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